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PAPERS AND DISCUSSIONS 
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its publications. 


THE SEWAGE DISPOSAL WORKS 
DECATUR, ILLINOIS* 


Since 1917 the Sanitary District Decatur, has completed inter- 
sewers, pumping stations, and treatment works for sewage disposal 
total cost for construction projects about The treatment 
the sewage has been complicated the waste from large starch works 
which has increased the human population about 000 total equivalent 
population more less, during periods heavy corn grinding 
the starch works. The peculiar character the sewage has required the 
operation two testing stations prior the design the sewage treatment 
record the steps taken and the works built connection with 
development this project are described this paper. The writers’ 
connections with the work were Consulting Engineer and Superintendent, 
respectively, for the Decatur Sanitary District. 


GENERAL STATEMENT. 


The Problem and the Work year prior 1912, the 
pollution the Sangamon River below Decatur, was sufficiently marked 
complaint and the situation was brought before the Rivers and Lakes 
Commission, which had jurisdiction over stream pollution Illinois that 
The city had population about 35000 and included among its 
The sewage from the starch works had relatively high population equivalent 
and was soon recognized that special study would required determine 
the most suitable method treatment. the existing sewers were com- 
bined, with four main outlets into the river below low channel dam the 


discussion this paper will closed February, 
the meeting the Sanitary Engineering Division, Columbus, Ohio, October 


(Pearse, Greeley Hansen), Chicago, 
Decatur San. Dist., Decatur, 


a 


Papers 


2238 SEWAGE DISPOSAL WORKS DECATUR, ILL. Papers. 


water-works (Fig. 1). For several months nearly every year, almost the entire 
flow the river was diverted the water supply and discharged again into 
the river sewage. Thus, increased water supply through storage the 
river was indicated. 

Projects for intercepting sewers and sewage treatment were developed 
1915 with estimaied cost $730000. This relatively high sum made 
financing difficult, that ways and means were carefully studied city 
officials and citizens’ committees. result, the Sanitary District Act 
1917* was prepared and passed the Legislature. All the construction work 
for sewage disposal has been done under this Act, amounting all told 
nearly The city has since grown about 50000 inhabitants and 
the grind the starch works much bushels hours. 

The work done may briefly summarized follows: 

(a) The necessary field surveys and office studies for the determina- 
tion intercepting sewer and sewage treatment projects. 

(b) The operation two testing stations. One comprised Imhof 
tank and sprinkling filter determine the behavior the mixed 
and industrial sewage. This station was operated 1914 and 
again 1917. The other comprised tank with Simplex surface 
aerator for studying the partial pre-aeration the tank 
effluent before applying sprinkling filters the main sewage treat- 
ment plant. This work was done during 1925 and 1926. 

(c) The construction intercepting sewer 317 ft. long and 
sewage treatment plant comprising grit chamber, six Imhoff tanks, 
sludge-drying beds, six pre-aeration tanks, two settling tanks for 
aerated Imhoff tank effluent, acres sprinkling filters, one final set- 
tling tank, and appurtenances. There are two small pumping stations 
for low-level districts. Actual construction work was started 1919 
and completed 1927. 

addition, the District has done certain amount cleaning work 
along the river; has acquired sites and right way; has investigated coal 
mine subsidence; has fought numerous legal battles; and has vast 
amount administrative work. Under conditions found Decatur, the 
completed sewage treatment plant has capacity for population equivalent 
150 000. 

The City and the Sanitary District Decatur—The City Decatur 
the Sangamon River about miles river above Springfield, The 
drainage area the river above Decatur about 862 sq. miles. The city has 
area 4885 and the District 21120 acres. The trend population 
given the following figures, the design having been based ultimate 
actual population 120 000: 


Population.t 


Transactions, Am. Soc. E., Vol. (December, 1927), 441. 


The population figures for 1890, 1900, 1910, and 1920, were taken from the United 
States Census reports; those from 1927 are estimated. 
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The city built mostly the north the river ground 100 ft. 
above mean river level. This high ground cut several relatively deep 
watercourses extending northerly through the city, one two which have 
been drained and filled. The river valley upwards mile wide and, 
present, the sewers reach the margin the valley ft. more above mean 
river level. For the most part, ample drainage available. 

The city has large variety industries, including starch works, 
structural steel company, railway shops and many others. served the 
Wabash, Illinois Central, Pennsylvania, Chicago and Indiana Western Rail- 
roads, and the Illinois Traction System. 

Meteorological Data.—Decatur located the corn belt Central 
The average temperature and the prevailing winds are given Table Flood 

Unite 
ture, Prevaili the 
40.9 
52.0 
SW. 
72.0 
76.8 
SW. 
67.8 SW. 
55.8 SW. 
42.2 NW. 
NW. 

The weather retards construction work seriously during about three months 
the year. open beds can done during about eight 
months. Sprinkling filters can operated throughout the year, with reduced 
nitrates the effluent through the winter months. 

The mean annual rainfall 35.05 in., with mean monthly rainfall 
shown Table 

TABLE 
ugus 
Rainfall, 
ecen 
3.17 September... 3.47 
3.53 2.26 
During wet seasons, the ground-water stands high and there marked 


infiltration into the sewers which increases the volume and lowers the tem 
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perature the sewage. Unusually rains occurred the late summer 
and fall 1926 follows: 


Rainfall, 
Month, 


October 


The Sangamon Sangamon River, with drainage area 862 
sq. miles above Decatur, flows through relatively wide valley cultivated 
bottom-lands and wooded areas which provide large flood-water storage. 
Floods, therefore, are relatively low intensity and long duration. There are 
United States and Illinois Geological Survey gauging stations the river 
Monticello, miles above Decatur, and Riverton, 42.5 miles below Decatur, 
both being approximate distances river. The maximum flood record was 


the rate about cu. ft. per sec. per sq. mile. The mean monthly flow 
Decatur, estimated from the gaugings, follows: 


Mean 


Mean 
monthly flow, 


monthly 
cubic feet feet 
Month, Month. per second. 


Two periods very low flow occurred listed Table 


FLow, CUBIC FEET PER SECOND. 
Months. 


1920. 
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Situation condition the Sangamon River resulting from 
the domestic and industrial sewage Decatur, became sufficiently offensive 
the years prior 1913, that complaint was made and the assistance the 
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State Water Survey was secured order compile complete report. 
During 1912 and 1913, therefore, this organization made extensive sanitary 
survey the Sangamon River with special reference pollution the 
Decatur sewages. Its report included complete chemical and bacteriological 
analyses the Sangamon River for distance about miles below Decatur 
and recommended the installation settling tanks and sprinkling filters. 

Rivers and Lakes Commission Order, 1914.—Following the Water Survey 
report, further hearings were held the Rivers and Lakes Commission and the 
Consulting Engineer for the City, Langdon Pearse, Am. Soc. E., made 
report indicating the difficulties the problem, due part the industrial 
sewage, and outlining the investigations neceséary proper solution. 
result, the Commission ordered the pollution the river removed 
January 1917, thereby allowing (as thought) sufficient time for thorough 
and careful study the problem. 

Pearse and Greeley Report June 1914, the City instructed 
Messrs. Pearse and Greeley, Consulting Engineers, undertake the neces- 
sary investigation and their report was submitted April 23, 1915. One 
the major problems calling for special study was the effect sewage treat- 
ment processes the industrial sewages found Decatur. Consequently, 
funds were appropriated for testing station which was operated during the 
last half 1914. The station was located near the mouth the Broadway 
Sewer into which the wastes the starch works, gas plant, and packing-house 
were discharged, addition the domestic sewage 700 people. Unfortu- 
nately, the outbreak the World War caused the starch works shut down, 
that tests were limited chiefly the domestic sewage, the other industrial 
wastes were very small quantity. The station included grit chamber, 
Imhoff tank, sprinkling filter, and secondary settling tank. With settling 
period about 1.78 hours and the sprinkling filter dosed average net 
yield 1330 000 gal. per day per acre, ft. in. deep, the results operation 
are shown Table 


Amountin Percentage Percentage 
Substance. influent, parts effluent, parts 
per million. per million. reduction. increase. 
Imhoff Tank: 
Suspended 221 108 


Sprinkling Filter: 


Free ammonia 15.6 


Secondary Settling Tank: 


Pape 
work 
sion, 
data 
tion 
the 
follc 
sive 
prok 
ther 
acti 
find 
cen 


Papers. 


SEWAGE DISPOSAL WORKS DECATUR, ILL. 2243 


The report developed projects for intercepting sewers and sewage treatment 
works, recommending high level sewer and treatment plant comprising 
clarification works and sprinkling filters. also included careful discus- 
sion, with estimates cost, the activated sludge process accordance with 
data then available. 

Test Lime-Electrolytic Process, 1915, the Electrolytic Sanita- 
tion Company made offer the City build small plant and test its 
process Decatur, with certain guaranties its efficiency. The offer was 
accepted, the plant built, and July 30, 1916, 28-day test was begun. 
the conclusion the official test, the plant was given over for the City 
operate. 

The conclusions drawn the City’s representative may summarized 
follows: First, the process did not furnish stable effluent except when exces- 
sive quantities lime were used; second, the operating and upkeep costs were 
prohibitive; third, the method sludge disposal was unsatisfactory; fourth, 
there was ample reason for differences opinion whether the electrolytic 
action contributed materially the efficiency lime precipitation; and, fifth, 
the iron electrodes were subject rapid corrosion—a new bank electrodes 
was completely dissolved during two months’ operation. the basis these 
findings, the electrolytic system was dismissed.* 

Notes Activated Sludge, April, 1916, the Consulting Engi- 
neers worked project for activated sludge plant located close the 
outlet the largest existing sewer. the basis securing power 1.25 
cents per kw-hr., the following total annual costs were shown: 

1914 Report: 


Activated sludge, cu. ft. 90188 
1916 Notes: 


The lower cost 1916 compared with the 1914 estimates for activated 
sludge partly due much reduced intercepting sewer cost and more 
favorable assumptions for excess sludge disposal. 

the request the Decatur Association Commerce, John Alvord, 
Am. Soe. E., was engaged review the work done sewage disposal 
and report the water supply. This report was submitted May, 1917. 
characterized the recommendation the Consulting Engineers “an 
obvious and conservative method dealing with sewage”; and then suggested 
further investigation two alternative projects—one comprising settling tanks 
and sand filters with smaller intercepting sewer; and the other, settling 
tanks each sewer outlet discharging into so-called dilution pool formed 
low dam across the river. 

From January August, 1917, Lee, City Chemist, operated the test- 
ing station built reported the City follows: 


(a) The Imhoff tank and sprinkling filter system will produce 
stable effluent. 


Engineering Record, November 11, 1916. 
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(b) The maximum rate which 90% stability could maintained 
was found 1000000 gal. per acre per day. Whether this rate 
sufficiently high make the plan attractive from the standpoint cost, 
and benefits derived, question for the engineer decide. 

(c) rate 1250000 gal. per acre per day could easily secured 
were the Broadway sewage diluted with equal volume domestic 
sewage. 

(d) The Imhoff tank will remove between and 60% the sus- 
pended solids. This good removal for sewage this type. 

(e) The Worcester nozzle was found give the better distribution 
the two types used. 


These tests were conducted sewage from the Broadway Sewer made 
about gal. per day starch works sewage and about 000 gal. 


per day domestic sewage, and having the following approximate analysis 
taken into the testing station: 


Parts 


Item. per million. 
Total organic 
200 
Bio-chemical oxygen demand............ 700 


reviewing this report, was found unsafe estimate the rate 
application 1917 Broadway sewage, including the starch works sewage, 
more than gal. per day per acre. During the winter 1916-17, 
citizens’ committee studied methods financing the sewage disposal works and 
finally drafted and secured the enactment the Sanitary District Act 
which became effective July, 1917.* and only bond issue, amount- 
ing was favorably voted, February 24, 1920. All other expen- 
ditures have been made out annual taxes. 

November, 1917, committee the City Council, reviewed the status 
sewage disposal, visited about twelve sewage treatment plants the East, 
and reached the following conclusions: 


(a) From the processes observed the sewage filter plants visited, 
the Commissioners felt that sand filters and contact beds are unsuitable 
conditions Decatur because the large area required. 

(b) That any process involving the use lime precipitant 
would unsuited conditions because the large quantity lime 
required and the large volume sludge which must disposed 
some means. 

(c) That Imhoff tanks and sprinkling filters would suitable for 
the sewage and built sufficient size would suitable 
for the combined sewage and starch factory wastes. 

(d) That activated sludge might suitable for the disposal 
Decatur sewage provided power could obtained for less than cent 
per kw-hr. and that some satisfactory method dewatering, disposing 
the sludge, could found. 


The report then recommended the employment consulting engineers and 
the preparation plans and specifications. 

The Consulting Engineers’ Report report was prepared 
shortly after the formation the Sanitary District 1917, bring 
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definite form all the various prior investigations. The conclusions this 
report were briefly stated, follows: 


(a) The seriousness river pollution Decatur calls for remedial 
measures. Decided odors are produced, particularly adjacent the 
city, but which continue lessening degree miles more below 
the city. 

(b) The project requires the construction high-level intercepting 
sewer discharge its lower end about ft. above mean low water. 

(c) The results operation the testing station (1917) indicate 
that the mixed domestic and industrial sewage can treated sprink- 
ling filters. This type treatment plant, therefore, can considered 


reliable. The rate treatment remains more closely fixed 
larger scale. 


(d) Water storage recommended necessary for additional 
water supply. Together with river regulation, helpful factor 
which will materially improve conditions the river during extremely 
dry weather. 

The report also included appendix subsidence resulting from coal 
mining. result, the coal rights were purchased along nearly ft. 
right way for 500. 

Coal Mine Subsidence July, 1918, Professor Young, 
the University Illinois, submitted report ground subsidence under 
structures proposed the Sanitary District, with recommendations, follows: 

(a) possible, arrangements should made defer the construc- 
tion the Riverside Branch for period several years that the 


coal under this section may mined. Sewer construction should not 


begin this point until three years after the coal directly beneath has 
been mined. 


(b) the basis the reported market value coal rights this 
District that coal reservation acquired along 


line the 1918 report. This should strip not less than 500 ft. 
wide. 


(c) the construction begin within three years, proper steps 
should taken immediately stop coal mining beneath those portions 
the line which will built. 

Notes Starch Works Sewage, the latter part 1918, the 
owners the starch works proposed enlarge their plant for the manufacture 
glucose, dextrine, and other corn products; and the City started preliminary 
studies for large water impounding project. Therefore, review the situa- 
tion with special reference the starch works sewage was made, and analyses 
this sewage from various sources were summarized, shown Table 
The report concluded that, based maximum grind bushels per 
hours, not more than double the area sprinkling filters would required 
because the starch works sewage, compared with domestic sewage. 

During the summer 1919, some tests the activated sludge process 
starch works sewage the plant were undertaken the owners. The test 
was run for days gluten settler waste wooden tank ft. diameter 
and ft. deep, holding 5000 gal. test days with straight waste gave 
results. The sewage frothed over the tank and sludge nitrifying 
were gained. The waste was then mixed with city sewage 
and later with equal volume city water with some better results. test 
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was finally run with mixture the waste with two volumes city water. 
This mixture had temperature between and 86° The operation was 
established the following basis: 
Time, hours. 
n1 + Olds 
ota 
The quantity air was not measured. The ratio filtros plate area 
tank surface was 4.75, and the air was estimated 2.3 cu. ft. per min. Nitra 
per sq. ft. tank surface. Frothing ceased after hours. The analytical 
results week’s operation are given Table 
refere 
chemi 
Nitrogen 
The crude starch works sewage contains 581 parts per million total solids, which 
are solution and 511 suspension. 
Pearse and Greeley, April, 1915, Report sample, June 20, 1914; (2) Lees’sample, November 
24, 1916; (8) Lee’s sample, September (4) Lee’s Testing Station Report data for 1916-17; 
(5) typical analysis used computations for the report; (6) alkalinity methyl orange; and (7) 
The percentage total solids recovered sludge was 35. After being dried 
and ground, this had the following analysis: 
6/25 
Percentage. 
Dorr-Peck Experiments, 1920.—In July, 1920, Mr. Rhodes submitted 
e 
report, based several weeks experiments with bottles. stated that 


the Dorr-Peck process sewage treatment was applicable the mixed 
Decatur, that parts per million Fe,O, was helpful, and that 000 
gal. sewage produced 1.2 tons sludge, containing 6.35% ammonia. 
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RESULTS, PARTS PER MILLION. 
Item. 


Influent. Etfluent. 


Nitrogen as: 


Survey Industrial Sewage.—From time time since 1924, the engineers 
and the superintendent have investigated and reported some the minor 
industrial sewages. small packing house, low-level area and with 
average kill 500 hogs and cattle per week, was studied especially with 
reference the operation small pumping station. The packing house was 
required install settling tank and grease basin its sewer outlet. The 


chemical data obtained during these investigations are summarized Table 
All samples were 8-hour composites. 


ing Co.-no killin 

ing 
10/20/25 Packing 


Malt Co., 
Malt Co., 
Mfg. Co., 
Mfg. Co.. 
Pack- 


Percentage stability methylene blue. 


equivalent calculated from bio-chemical oxygen demand and volume 


Premier Malt Co.. 000 


Young’s Packing Co. 


9.1 
Oxygen consumed 225 37.9 
).0 
16-17; 
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With the completion the water impounding pfoject and the intercepting 
sewer, became advisable make comprehensive general sewer plan for 
the entire city providing for new and relief sewers. The city was expanding 
and the newly built-up areas required sewerage. Many the existing sewers 
were overloaded and needed relief. The City and District officials desired 
have such sewers properly related the sewage disposal and river improve- 
ment works. general plan was prepared showing about six major sewer 
projects, with total estimated cost 200. One the projects, amount- 
ing about was completed 1927; and plans and specifications 
were ready for taking bids another estimated cost more than $600 000. 

result all this effort, intercepting sewers and sewage treatment 
works have been completed and put into operation with equivalent popula- 
tion capacity, under conditions Decatur, about 150000. The owners 
the starch works are completing process adjustments reducing the quantity 
and strength its sewage approximate population equivalent 
per 1000 bushels grind. Construction work was first started 1919, when 
the upper section the intercepting sewer was let; and was completed 
October, 1927, when the pre-aeration plant was put into operation. 


Data 


Sources.—The progressive design and construction the Decatur sewage 
disposal projects over many years, has made possible secure some 
design data from operating records, as, for instance, sewage quantities and 
characteristics the treatment plant. the first place (1914), weirs were 
built the main sewer outlets and the rates flow measured. already 
noted, much design data came from the operation the testing stations. The 
remainder was secured through the usual routine local investigation. 

Population.—The first population forecast and distribution population 
over the city was made 1915, and was reviewed 1919 and 1925. The 
basis design works easily enlarged was .60000, and intercepting 
sewers and structures not easily enlarged, 120000. additional allow- 
ance was made for the sewage major industries. 

Quantities capacity the intercepting sewer varies for 
different sections, shown Fig. the upper section where separate 
sewers are built, the capacity flowing full for sewage the rate 
1000 gal. per capita per hours from people. This allowance includes 
capacity for considerable industrial area. Then follows short section 
taking combined sewage from about 250 acres located above the dam with 
capacity 750 gal. per capita per hours from 700 population. There 
overflow just below the dam, and the capacity the next section, which 
largely tunnel, for sewage the rate gal. per capita per 
hours from people. The next section, which through built-up part 
the city, provides capacity for 950 gal. per capita per hours from 
people. The final section built largely open eountry and, therefore, 
quite easily duplicated, has capacity gal. per day equivalent 
340 gal. per capita from 120000 people. 
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The first installation sewage treatment works (Imhoff tanks, sprinkling 
filters, and appurtenances) was given capacity for 60000 people and 
7960 000 gal. per day, equivalent 133 gal. per capita per hours. This 
included 000 gal. per day starch works sewage, equivalent about 
gal. per capita per hours. When the additions the sewage treatment 
plant were designed 1926, the rates flow (see Table were estimated 
largely the basis meter records for about two years the treatment 
plant. 


Capacity 40.7 646 21.0 165 935 200 
Design Population 000 700 700 000 
Per Capita 340 950 730 750 


660 


10 25 30 35 


Thousands Feet 
Fic. 2.—PROFILE INTERCEPTING SEWERS, DECATUR, ILL. 


Including industrial sewage, the average dry season rate flow 167 
gal. per capita per hours from 60000 people. has been difficult 
estimate the quantity sewage from the starch works because the rapid 
increase the grind and the process adjustments resulting changing quan- 
tities sewage per bushel grind. 


MILLION GALLONS PER 


Wet season. Dry season. 


Sewage determination the strength and character 
Decatur sewage has been most difficult element the design. The 
sewage mixed with variable industrial sewage from the starch 
works. This industrial sewage has increased with the grind from population 
equivalent 75000 more less during the period 1914 1917, one 
more than 300000 1926. addition, the grind and the sewage vary 
with business conditions, the grind having recently ranged single 
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year from 000 45.000 bushels per day. Recently, the owners the starch 
works, under the direction Dr. Edward Bartow, have undertaken process 
adjustments try and recover products which, until recently, were lost 
the sewer, with marked reduction the strength their sewage. The 
sewage first increased strength with the growth the starch works; and 
then decreased with the reduced waste. 


work has proceeded almost continuously from 1919 
1927 with total expenditure chargeable construction, including 
ing, 666 783, and involving about fifteen general projects. Engineering 
supervision and inspection these projects and during this time has equalled 
about 6.0% the total amount the final estimates. 

The land for the sewage treatment plant about acres area and cost 
Rights way for the intercepting sewer cost which 
500 was for the purchase coal rights under the intercepting sewer. The 
total payment for right way amounts about per lin. ft. sewer. 

Embankment for Intercepting first construction contract was 
for the embankment the lower end the intercepting sewer (1919). The 
embankment about 2900 ft. long and ft. deep below the invert the 
sewer the point maximum depth. has top width 19.5 ft. for part 
its length and 26.5 ft. for the remainder, with side slopes 1.5. was 
built somewhat sandy yellow clay put down 12-in. layers and com- 
pacted the travel the teams. was allowed stand about months 
before further use. After years service, there have been signs 
settlement. The sides have been planted with hay, clover, and there has 
been need repairing them. The original contract comprised about 
cu. yd. embankment per cu. yd. place. All the material 
was taken from borrow-pit near the right way. 

Intercepting intercepting sewer built the Sanitary District 
317 ft. long and cost $598 000, average $32.60 per ft. the three 
contracts under which was built, alternate bids were taken several types 


construction and the least expensive type was selected with results 
follows: 


Type. 
Monolithic 
Segmental blocke 
Reinforced concrete pipe 


Approximate length, 
feet. 


Sewage Treatment sewage treatment works were started 
1921 with the construction the treatment plant by-pass. This was 48-in. 
concrete sewer, 1131 ft. long, including overflow chamber, outfall struc- 
ture, and appurtenances. The sewer cost $20.20 per ft. 

Other construction projects the sewage treatment plant were roadway, 
ft. long; elevated tank with capacity 50000 gal.; ground-water 
supply; sludge locomotive; and electric power line. The total amount 
spent connection with these various projects was $653 143, including 
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neering. Except for rather liberal sludge capacity the Imhoff tanks (3.03 
ft. per capita), the works built have capacity for strong domestic 
sewage from about 60000 people, indicating cost $10.92 per 

the spring 1925, small pre-aeration testing station was put into 
operation; and during 1926 and the first half 1927, the sewage treatment 
plant was enlarged the addition pre-aeration tanks and appurtenances. 

South Main Street Pumping small low-level area about 175 
acres served the South Main Street Pumping Station. The area includes 
two small packing houses with average kill about 500 hogs and 
per week. The packing-house sewage passes through small grease basin 
before reaching the pumping station. The pumping station contains bar 
screens with clear openings and two 4-in. vertical centrifugal pumps with 
motors operated floats. The station automatic operation and visited 
once day for inspection, cleaning screens, and oiling. This station cost 
$12 454 build, and has installed pump capacity 1000000 gal. per day. 

Pre-Aeration Testing February and March, 1925, small 
testing station (Fig. was built study the effect partial pre-aeration 
sprinkling filter rates. The major items construction are briefly described 


follows: 

(a) aeration tank ft. diameter, 10.0 ft. liquid depth, and 
containing 570 gal. hours’ displacement, this tank had capacity 


for 78000 gal. sewage per hours. was fitted with surface 
aerator agitator the Simplex type. The agitator wheel was in. 
diameter and operated 1-h.p. motor rev. per min. 

(b) Originally, there were two settling tanks, each ft. diameter 
and ft. liquid depth. sewage flow 800 gal. per hours the 
displacement period was 0.63 hours, with area for about 2000 gal. 
per sq. ft. per hours, with both tanks operation. These rates were 
found too high and single tank, ft. diameter and ft. 
liquid depth, was added. This provided displacement period 1.5 
hours, with area for about 670 gal. per sq. ft. per hours, with all 
three tanks service. 

(c) The sludge re-aeration tank had capacity 810 gal. With 
10% return sludge (8000 gal. per hours), the aeration period was 
about 2.5 hours. 

(d) The sprinkling filter was ft. diameter and ft. in. deep, 
with one Taylor nozzle. was filled with 2-in. stone from the large 
sprinkling filter; and dosed from small tank controlled first 
motor-driven butterfly valve, and, later, automatic siphon. 

(e) addition the aeration tank, settling tanks, re-aeration tank, 
and sprinkling filter, the testing station included blower, air meter, 
small pump serve the sprinkling filter, number orifice boxes, 
and other appurtenances. 


took about month build the station and the costs were approximately 
follows: 
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Covering Grit Chambers, Conduits, Gas Vents, starch works the 
sewage Decatur contains very substantial quantities sulfur dioxide and 
soluble organic matter which, with the domestic sewage, decomposes form air 
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hydrogen sulfide. This decomposition greatly accelerated the relatively 
high temperature. reduce such odors, concrete covers were built 
the summer 1926 over the grit chamber and the conduits and gas vents 
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the Imhoff tanks. The spaces under the covers the grit chamber and con- 
duits were connected pipes suction fan which delivered the confined 
air and gases small brick furnace which they were burned with the 
gases from the digesting sludge. The covers over the gas vents are shown 
Fig. The cost this work, including engineering, was about $15 000. 


and 


Water Line | 


vaterial 
21 Vitrified 
ile Pipe 


SECTION A-A 
4.—DETAILS GAS COLLECTOR, 


SEWAGE DISPOSAL DECATUR, ILL. 


The sludge beds built covered area 40000 sq. ft., which was found 
too small the grind the starch works increased. Therefore, 1926, 
contract was let for building 500 sq. ft. additional beds cost 
$9000, which equivalent $0.55 per sq. ft. sludge bed. The filtering 
material the sludge beds comprises in. fine sand, in. coarse sand, 
4in. roofing gravel in. size), and below this layer graded 
broken stone gravel 2-in. size about the under-drains. 

During the fall 1926 and until the autumn 1927, pre-aeration plant 
was built. This plant comprises six aeration tanks and two settling tanks 
the Dorr type, all with rated capacity 000 gal. per day. 

nearly may determined from the records the Sanitary District, 
the total expenditures for construction projects have amounted 666 783 
(see Table 9). Active construction work started just after the World War 
1919 and was completed 1927, covering nine construction seasons. This 


total cost $33.30 per capita, based 50000 population for the period 
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Item. Amount. 


Embankment for intercepting sew 1919. $53 620 
Intercepting sewer, Contract 

Intercepting sewer, Contract 

Intercepting sewer, Contract 

Pre-aeration plant, Contract 

Wrecking dosing tank.. 

Seventh Ward sewer connection 

Sludge locomotive...... 

Electric power transmission line...... 

Roadway treatment plant......... 

Land and rights-of-way 
Treatment plant water supply 

Landscaping treatment plant 

Engineering (approximate), 1927 


666 783 


Water 


Relation Sewage need for additional water supply for 
Decatur became evident early 1914. The unregulated flow the Sanga- 


mon River frequently low 000 000 gal. per day for several months 
time. one occasion only the fortunate and unexplained blowing 
channel dam stream let down sufficient volume water tide 
over the situation. 1920, the average daily water consumption the 


city was gal. per day, exclusive the needs the Staley 


facturing Company for cooling water. Consequently, large water im- 
pounding project was undertaken and earth and concrete dam put under 
construction June, 1920. 


that time the Sanitary District was building intercepting sewers, and 


the Trustees were asked contribute Sanitary District funds considera- 


tion the possibility the diluting and flushing water aid sewage 


disposal during periods low flow. Computations, however, demonstrated that 
there would not sufficient quantity water available from the storage 
reservoir supply enough oxygen for the sewage and appropriations were 
made for this purpose. 

Taking 500 parts per million the approximate average oxygen 
the sewage, sewage flow the rate 10000000 gal. per day would 
require about 42000 lb. oxygen per hours. Assuming 5.0 parts 
million dissolved oxygen available from the reservoir water and 
urable flow the river, would require discharge from the reservoir 
the rate 1000000000 gal. per day. Obviously, nothing like this rate 
discharge was possible except for very short periods, the safe yield the 
impounding project was estimated about 35000000 gal. per day. 


theless, the river near the city has been freshened the occasional discharge 


reservoir water indicated Table 10. 
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Brief Description—Lake formed earth and concrete 
dam the valley the Sangamon River. The total length the dam 
1715 ft. the north end earth embankment, 510 ft. long. The 
section, solid spillway, 525 ft. long, 28.5 ft. high and 
has width the base ft., including the down-stream concrete apron. 
There up-stream clay apron, ft. wide, making the total width the 
base the dam 100 ft. movable crest built top the spillway 
which the water level can raised 2.5 ft. Elevation 612.5. 


APPROXIMATE RATE FLUSHING. 

Duration 
flushing, 

hours. million gallons cubic feet 
per day. per second. 


Intermittent 


Extending under 1500 ft. the length the dam line sheet- 
piling largely steel, but with wood sheeting either end. Under the con- 
part the dam (see Fig. 5), the steel sheet-piling extends down about 
ft. firm connection with layer hardpan glacial till. the 


north end the spillway, gate chamber has been provided that 
water turbines can installed desired. 
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COFFER-DAM FOR CONCRETE SPILLWAY DAM, DECATUR, ILL. 


The dam was built sandy gravelly formation underlying the valley 
soil and overlying the Wisconsin and tills. The Wisconsin till 
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(or drift) terminal moraine origin and the ground moraine 
structure. Thus, the till very hard and dense with maximum 
content impervious clay. For the most part the steel sheeting was driven 
into this formation effecting very good cut-off. 

The reservoir back the dam covers about 3000 acres and extends 
stream about miles, with average width somewhat less than 
mile. The volume the reservoir from 000 000 000 000 000 000 gal. 
and the average depth 7.5 ft. About one-fourth the area was timbered and 
had cleared. Nearly fifty buildings were removed and miles mar- 
ginal and cross-highways were raised, relocated, and protected with paving. 

Method water-impounding project cost more than 
The City had available the proceeds two bond issues amounting 
somewhat more than $600000. Money from annual taxes was appro- 
priated for construction purposes, amounting more than $250000. 
was necessary, therefore, raise about some other way. The 
plan adopted was form local water company Decatur citizens that 
was issue stock and notes secured the reservoir land and contract 
with the City pay the water company enough provide rate 
interest and retire the stock years. This stock the amount 
000 000 was over-subscribed short campaign, and the necessary funds 
were secured. other subscriptions and loans this amount was raised 
more than 300 000. 


The cost the water impounding project may summarized, approxi- 
mately, follows: 


Item. 


Amount. 

Road embankment protection............ 200 000 
Surveys and miscellaneous.............. 000 


The dam was built under cost-plus contract, with participation clause 
and upper limit The unit costs the major items were stated 
the contract, follows: 


Amount. 
Earth excavation above Elevation 595.0 
Earth excavation below Elevation 595.0 
Earth embankment, Class A........... 
Earth embankment, Class B........ 
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Item. 


Amount. 
0.06 sq. yd. 
Drainage for slope paving............. lin. ft. 
Steel sheet-piling, Class A............ 0.07 
Steel sheet-piling, Class B............ 


Works 


Growth Starch 1912, the cornstarch factory began operating. 
The capacity the plant that time was about 10000 bushels corn per 
hours which, 1915, had increased 15000 bushels. Then, due the 
World War, the plant was practically closed until 1917, when regular operation 
was resumed. Since that time has operated almost continuously with 
progressively increasing grind much per hours. 
The products manufacture have lately been diversified, that present 
various types corn starch, gluten meal, dextrine, glucose, corn sugar, corn 
oil, soy bean oil, and soy bean meal are produced. The Company employs 
about 2000 hands when operating near the rated capacity. 

The rather phenomenal growth was entirely unanticipated, even the 
the industry itself. 1918 when plans for the Decatur sewage 
treatment plant were being formulated, the grind was less than 000 bushels 
corn per hours. The Company fully stated its plans for the future, 
which anticipated maximum daily grind bushels and the erection 
plant for converting wet starch into glucose and corn sugar. The glucose 
plant was built take advantage the market prices dry starch and 
glucose secure the best gross revenue. This plant did not itself 
increase the corn-grinding capacity the starch plant, nor was antici- 
pated that would. reality, however, has been the cause doubling 
the anticipated corn grind, through better adjustment the market and 
consequent growth business. 

Plant Processes and Wastes.—Briefly the process manufacture 
follows: Steeping the corn dilute sulfur dioxide solution for 
number hours; (b) crushing the steeped corn and separating the germ 
from the hull; (c) grinding the hull, and separating the husks from the 
ground meal; (d) separating the starch and gluten sedimentation and 
flotation; (e) washing and drying the starch and gluten; and (f) converting 
wet starch glucose and sugar. 

certain amount liquid waste results from each operation. some 
cases the wastes are re-used the plant for carrying purposes and thus return 
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into the process; others, the liquids are evaporated and the concentrated 


materials are mixed and dried for the market. The sequence the various 
processes indicated Fig. 


Corn 


Evaporation 


Germ Separator 


Corn|Meal = 

Pressed 


Shakers 


Condenser Wate: 


Oil Cake Starch] Water 


Husks 
Corn Oil 


Agitated 


(Reground) 


Starch} Tables Slop Machine 


Starch} Water 


Gluten 
Wet Starch 
Settled Driers 
Ory Starch Breakers 
Converter 
Gluten Gluten 
Water Neutralizer Dry Feed 
Filter Pressed 
Evaporator 


Driers 
Waste 
Cooled 
Evaporator Wash] Water 
Ground 
Bone-Char Fitters Waste 


Bone-Char Filters 


Wash}Water 


Veédum Pan Wash] Water 


Finished Glucose Etc. 


Sewage 
Treatment Plant 


River 


6.—GRAPHICAL REPRESENTATION AND SOURCES STARCH 
SEWAGE, DECATUR, ILL. 


There are, course, plant such size, many wastes, but those 
major importance are: (1) Gluten settler water, resulting from Process 
which contains almost all the soluble organic and mineral waste matter from 
the corn; (2) condenser water from the steep water evaporation pans which 
contains considerable organic entrainment; (3) condenser water from the 
glucose plant which relatively free from entrainment; and (4) wash water 
from cleaning out condenser pans, bone filters, filter cloths, ete. 

The maximum quantities sewage expected from the starch plant was 
gal. strong sewage and 200 gal. condenser water per bushel corn 
ground. were the quantities which the the original 
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sewage treatment plant was predicated, with the expectation that the con- 
denser water would by-passed direct the river desired. 

The sewage treatment plant was placed operation May, 1924, and 
during its initial operation the total quantity mixed sewage was between 
15000000 and 17000000 gal. per hours. This comprised about 
000 gal. per day domestic sewage from the city and from 000 000 
12000 000 gal. per day industrial sewage from the starch works. Investiga- 

tion showed (a) that the starch works were grinding about instead 

the anticipated 25000 bushels corn per day; (b) that the Company’s 
sewers were arranged that the 6000000 10000000 gal. condenser 
water could not separated from the strong sewage for diversion into the 
river; and (c) that the private 24-in. sewer, through which the condenser 
water was have been diverted, was insufficient capacity. 

Investigations and analyses the glucose condenser water showed that 
was practically the same character the raw water before entering the 
condenser, except for occasional entrainments glucose sugar. careful 
operation the evaporation pans was thought that this entrainment could 
reduced negligible minimum. The Company, therefore, was allowed 
construct conduit for returning this condenser water the impounding 
reservoir. This was completed and placed operation July, 1925, and 
relieved the sewage treatment plant from 6000000 10000000 gal. per 
day relatively hot condenser water, the volume depending the season 
the year and the temperature the cooling water from the lake. This 
diversion reduced the volume sewage received the treatment plant 
about 000 gal. per day, 50% which was from the starch works and 
the remaining 50% from the city. 

Characteristics Mixed five-day bio-chemical oxygen 
demand the week-day city sewage, when the starch works not opera- 
tion, about 125 parts per million. The average monthly bio-chemical 
oxygen demand the mixed sewage, including that from the starch works, 
varies directly with the corn grind and inversely with the volume sewage, 
and has ranged from 500 800 parts per million dry weather. 

The temperature the mixed sewage received the treatment plant 
has varied from 104° Fahr. during winter and summer, respectively. 
These very warm temperatures caused rapid decomposition the mixed 
sewage, that when reached the sewage plant, hydrogen sulfide odors 
These odors were intensified after the condenser water was removed 
from the sewers, due the greater concentration the mixed sewage 
that paint houses mile from the plant was discolored. 

Population Equivalent and Its the city sewage 
and the starch works sewage this time indicated total population 
equivalent about for the mixed sewage received the treatment 
Plant, which about 300000 was contributed the starch works. These 
figures were obtained dividing the total pounds per hours 5-day 
bio-chemical oxygen demand lb. the per capita contribution 


er 
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5-day bio-chemical oxygen demand.* This factor seems apply satisfactorily 
the Decatur domestic sewage population equivalent when the starch works 
shut down. The estimated human population connected the sewers 


about 40000 and the minor industrial population equivalent, exclusive 


the starch waste, between 10000 and 15000. (See “Survey Industrial 
Sewage,” page 2247.) 


Tota iow 


7.—STARCH WoRKS 


Tot. Sewag 


a 
a 
o 
° 
a 
> 
wo 


Thousands 


Pop. Equivalent Starch Wastes 


Fig. shown the quantities sewage, million gallons per 
the 5-day bio-chemical oxygen demand, parts per million, the corn grind, 
bushels per hours, and the population equivalent the starch works 
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sewage for 1924-27. The population equivalent the starch works sewage 
was calculated subtracting 50000 from the total population equivalent 
determined from the regular daily analyses composite samples the 
mixed sewage received the sewage treatment plant. 

These curves show that the Company has improved its operation and 
decreased its losses indicated the maximum population equivalent 
370000 February, 1926, and the average population equivalent 
for January, February, and March, 1927, when the grind corn was higher 
than February, 1926. Further reductions are expected the near future 
that will bring the population equivalent the starch works sewage less 
than 100000, thus greatly relieving the burden now imposed the city 


sewage treatment plant. present (November, 1927), the population 
equivalent the starch works sewage about 260000. 


Sewace Works, First 


General Arrangement.—In 1922, the Board Trustees authorized the 


preparation plans and specifications for the sewage treatment plant com- 
prising settling tanks the Imhoff type, sprinkling filters, and appurtenances. 
The rated capacity the plant was 60000 people and average dry-season 


sewage flow the rate 000 gal. per day. was expected that higher 


rate flow might occur for several weeks time during wet seasons. 


Included the quantity 8000000 gal. per day was allowance 
1250 000 gal. per day for sewage from the starch works. 

The sewage treatment plant built acres low land, about 2.5 miles 
from the business center. First-class houses are within 2000 ft. and closer 
lots are being steadily developed. The general plan the first construction 
Fig. The site surrounded flood dike with its top ft. 
above mean low water the river. The high water 1926 just reached this 
elevation. The general plan provided for doubling the capacity for ulti- 
mate capacity 120000. first installation included only 3.0 acres 
sprinkling filter, one-half the area needed for the stated capacity 000 
and the 250 000 gal. per day starch works sewage. 

The elevations the principal structures were determined shown 
Table 11. 

Hydraulic gradients, velocities, and elevations were computed for aver- 
age sewage flow 000 000 gal. per day with minimum flow 400 000 gal. 
maximum 44200000 gal. per hours. Shapes and sizes were 
designed maintain approximately the following velocities: 


Velocity, 
Item. feet per second. 
Settling tank influent 1.0 
Settling tank effluent 0.5 
Sprinkling filter collecting 1.5 


Main effluent conduits 
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The total loss head thus 20.91 ft., which ft. was included ahead 
the settling tanks contingent allowance permit installation sewage 
treatment devices not developed the time design. 
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Fic. 8.—GENERAL PLAN, SEWAGE TREATMENT PLANT, DECATUR, ILL. 


Parts the principal parts the plant comprising twenty- 
one items, are listed follows: 


1.—Plant by-pass sewer. 12.—Filter by-pass. 

2.—Connecting sewers. settling tank by-pass. 
3.—Coarse screen. 14.—Water supply. 
4.—Grit chamber. 15.—Lighting. 
5.—Venturi meter and house. 16.—Industrial railway. 
6.—Imhoff tanks. 17.—Drainage system. 
beds. 18.—Office building 
8.—Dosing tanks. ratory. 
9.—Sprinkling filters. protection. 
10.—Final settling tanks. 20.—Planting. 
11.—Outlet river. 
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The grit chamber* comprises three conduits, each ft. 
long. Two these conduits are 8.0 ft., and the other, 10.0 ft., wide, with 
clear openings. The velocity and depth flow the conduits are maintained 
proportional orifice the outlet end. The floor the grit chamber 
stands about ft. the clear above the ground level, that sludge cars 
industrial tracks are run under the chambers for the remaining grit. Each 
flowing-through compartment has three 18-in. gate-valves controlling openings 
the floor through which grit dumped into the cars. 


TABLE 11. 


Elevation, 
feet. 

Sewage surface entrance 604.41 
Sewage surface entrance settling tanks............. 603.17 
Average elevation sewage surface settling tanks... 602.61 
Sewage surface outlet settling tanks. 602.13 
Sewage surface first dosing 602.12 
High sewage mark dosing tank.......... 
Sewage surface main collector near first dosing 586.88 

Invert main collector settling tank end sludge beds... 588.76 


42-in. cast-iron pressure conduit extends from the grit chamber the 
settling tanks. This designed for minimum velocity 1.0 ft. per sec.; 
and, later, will have duplicated. its way the conduit passes through 
the basement the office building where includes 42-in. Venturi meter 
tube, the register and recorder which are set the office above. 

The settling tanks are the two-story Imhoff type. The first installa- 
tion comprises six units, each ft. in. wide and ft. long, inside the walls 
the top. The liquid depth 27.0 ft. and the free-board in. each 
tank are two flowing-through settling compartments. There are three gas 
vents each the three tanks having width 9.0 ft. equivalent 
the total tank surface. 


The six settling tanks provide the following capacities: 


Item. Cubic feet. 
Neutral zone 


Transactions, Am. Soc. E:, Vol. (December, 1927), 535. 
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These volumes provide displacement period 1.44 hours the settling 
compartments when the flow 8000000 gal. per and 3.03 cu. ft. per 
capita the sludge compartment. 

There are two conduits each end the settling tanks and single con- 
duit along the outside each the two end tanks, which provide for reversal 
the flow. The sewage flow controlled so-called “cone orifice” valves. 
These have proved very satisfactory operation with relatively uniform 
and complete use the displacement capacities the six tanks. The sewage 
flows out each tank over weirs ft. long, with suspended screens front. 

The settling tanks are built reinforced concrete two units with main 
expansion joint between. The side walls are in. thick the bottom and 
are tied together cross-walls heavily reinforced. The forming the 
settling compartment were built cement gun shooting expanded 
metal, with resulting smooth surfaces and satisfactory results. 
divided into three sections vertical expansion joints over each end 

Sludge withdrawn through 8-in. cast-iron sludge pipes having 4.5 ft. 
head the center line the outlets. These outlets are controlled sluice- 
gates and discharge into open conduits leading the sludge beds. Each 
the tanks fully equipped with pressure water system. 

The first construction work included 000 sq. ft. sludge bed area with 
provision for extension (since made) 500 sq. ft. There were originally 
sixteen sludge beds equally divided the two sides central sludge conduit. 


Each bed 100 ft. long ft. wide, separated from the others concrete 


plank partition in. thick. Industrial track for sludge cars are placed along 
the center each bed. 


Two dosing tanks form part the operating unit acres sprinkling 


filters. Each tank contains one 30-in. Miller siphon discharging through 


independent pipe line 1.5 acres filters. The tanks originally built each 


held 15500 gal. sewage and discharged once every min. Sloping 


bottoms were built into the tanks after tests the operation the filter dis- 
tribution system. The maximum rate flow for maintaining intermittent 


operation 440 000 gal. per hours. 
The sprinkling filters are built units 1.5 acres, each 473.5 ft. long 
and 140.5 ft. wide, with one unit each side common pipe gallery. 


The depth filter stone over the under-drains varies from 5.67 6.33 ft. The 
surface each filter slopes away from the dosing tanks 0.8 ft. 
The under-drains are the trough type covered with vitrified clay blocks 
and slope main collector the pipe gallery the rate 0.67 ft. 


145. Except for thin layer larger stones over the under-drains, the 


filter stone in. size. filter unit has 430 round-spray 


sprinkler nozzles the Taylor type. The lateral distributors and 
pipe are spaced 11.5 ft. centers and the nozzles are 13.25 ft. apart each 
lateral. The filter floor concrete in. thick, built 
strips ft. wide. 

The from the sprinkling filters flows main outfall 
conduit the final settling tank. The first construction included only 
final settling tank out four proposed for the ultimate capacity. This tank 
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circular and has liquid depth 11.19 ft. the center. The sewage 
discharged the center, 9.11 ft. above the bottom the tank, and flows 
radially weirs the circumference. The sludge removed Dorr 
mechanism sludge pumps the Barnes type set adjacent building. 
These pumps have suction lift about ft., capacity gal. per min., 
and operate satisfactorily. The settling tank built reinforced concrete 
with bottom in. thick compensate upward pressure. 
sewage flow gal. per day, the rating the final settling 
tank 1810 gal. per sq. ft. tank surface per hours, displace- 
ment period min. Sludge pumped through wood stave force main 
over the dike bottom-land along the river. 
The office and laboratory building about ft. square and contains 
two floors and basement. The upper floor intended for living quarters 
for workmen, but has never been furnished for use. The basement contains 
all. the heating plant, shop, and space for the sludge locomotive. The inter- 
mediate floor partitioned into four rooms, two which are fully equipped 
ce- laboratories, one the office, and the fourth, drafting-room. The space 
appears ample. The building common brick with asphalt shingles. 
The water supply for the plant comes from infiltration gallery approxi- 
‘ith mately ft. diameter and delivering gravity through 4-in. supply 
main about 300 ft. long centrifugal pump the basement the office 
uit. building. The water pumped into elevated tank 50000 gal. capacity 
rete and distributed about the grounds. 
ong Trains six sludge cars are hauled Plymouth gasoline locomotive 
sludge dump along the west dike. Some sludge has been pumped wet 
ling adjacent cornfields. 
The grounds about the plant are under-drained, but very little land- 
has been undertaken yet. There by-pass sewer for the entire 
plant and one for the sprinkling filters. 
OPERATION SEWAGE TREATMENT Works, 1924-1927. 
Quality quantities and characteristics Decatur sewage 
are shown Table which gives the average monthly data. The chemical 
data are determined according the Standard Methods Water Analysis 
The (American Public Health Association, 1923) daily samples composited 
hourly and kept 20° cent. water bath. The data are discussed 
under three divisions, and follows: 
the data from August, 1924, through June, 1925. During 
this period 000 000 000 000 gal. pure condenser water from 
the glucose refinery were discharging into the City sewers, thereby increas- 
ing the total dry-weather volume sewage gal. per day, more. 
this quantity, 6500000 gal. per day was by-passed around the plant, 
8500000 gal. per day was passed through the Imhoff tanks, and all but 
3000000 4000000 gal. per day was again by-passed around the filters. 
The data show the sewage this period one suspended 
matter, high total nitrogen, oxygen consumed, and bio-chemical oxygen 


demand, but only one-half strong that received during the period dis- 
cussed under Division 
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Division the data from July, 1925, through August, 1926. During 
this period the refinery condenser water was not entering the sewers, but 
was being returned the impounding reservoir. This period was charac- 
terized normal rainfall and steady increase the corn grind from 
month month. However, the efficiency operation the starch plant was 
improved after November, 1925, that the strength the sewage higher 
corn grinds was less than had previously been much lower grind. 


Total Total Total 
xygen otal ‘ota 
Month. million parts per parts lation Remarks, 
dail million. million. per lent. 
1924: 
15.0)* 216 117 350 256 000 
(15.0) 246 173 415 000 
November........ (15.0) 218 184 370 272 000 000 
925: ay, con- 
February......... (15.0) 227 228 455 334 000 diluting 
(15.0) 252 194 370 272 000 sewage. 
(15.0) 
Jul btundnwewe 25 149 1 
10.80 298 162 503 216 000 
11.20 236 560 257 000 
1926: 
12 50) 6) 4 
11.50 235 199 584 000 
214 185 425 825 000 
February......... 13.40 229 240 47 498 327 000 
| 


Calculated total sewage, including by-pass. 


Division the data for eight months abnormally high rainfall and 
river stage, with dilution the sewage storm water and infiltration. This 
period also represents further increases efficiency the starch works, 
indicated the decrease population equivalent. The general trend the 
chemical quantities was downward, due partly dilution infiltration and 
storm water, and partly greater efficiencies the starch works. 

Operating Details—The sewage passes first through bar screen with 
openings between the bars in. From June 1924, September 
1926, total 110 cu. yd. screenings was removed. This represents 
0.0153 cu. yd., 0.4 ft., per million gallons sewage. The 
are buried daily. 
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The grit chambers are operated alternately and the velocity flow 
entirely controlled the orifice weir the outlet. The character grit 
usually obtained mostly sand, cinders, and fine coal. certain periods 
the year there tendency for paunch manure from two packing houses 
settle toward the outlet ends the chambers. This material obnoxious 
handle, but dries rapidly and causes odor where used fill. 

The total 541.5 cu. yd. grit, 2.16 cu. ft. per million gallons 
sewage, has been obtained months operation. The grit has been 
used for filling low places and for replacing sand the sludge drying 
beds. has not been entirely satisfactory for this latter purpose because 
its low density, which allows adhere the dry sludge and removed 
too rapidly from the beds. The possibility using sand-washing machine 
for reclaiming the heavier sand for use the drying beds being con- 
sidered. 

The Imhoff tanks have operated most satisfactorily considering that they 
have been run most the time 35% above their designed capacity. The 
resulting larger volume, due the increased industrial sewage and the lack 
sludge bed capacity, has caused the sludge reach the slots the flowing- 
through compartments each winter January, thus reducing the efficiency 
the tanks during January, February, and March. Fig. shows the sewage 
and the percentage-removal suspended matter the Imhoff tanks 
date (1927). The removal bio-chemical oxygen demand has been between 
and per cent. This low result attained because the large amount 
colloidal material the starch works sewage. 

Sewage was started through the Imhoff tanks May 15, 1924, and vigorous 
foaming began July 24, 1924. The foam rose over the free-boards the 
gas vents and covered the flowing-through compartment depth about 
ft. However, well-designed scum-boards held the foam back that very 
little the effluent the tanks. Stirring and hosing the tanks 
added the toubles least temporarily. After about six weeks, the foaming 
stopped and was not again experienced until after the three-month shut-down 
the summer 1926 for the installation the gas collectors. During the 
shut-down the sludge remaining the tanks practically stopped gassing and 
apparently did not properly seed the fresh sludge when the tanks were again 
started July. Numerous laboratory tests have shown that old sludge may 
become dead, speak, far its inoculating capacity concerned. 
Beginning the fall 1926, some the tanks foamed mildly for three 
months, but December the foaming became violent that many the 
gas-collecting domes were disconnected prevent foam from entering the 
system. became necessary remove the wooden sludge screen 
each gas collector, because the “sludge-scum” which accompanied the foam- 
ing was very slimy and clogged the openings the screen, thus creating 
considerable pressure. releasing the screens some were blown from 

ft. into the air, and the workmen got foam shower bath. 

Analyses the gas during foaming show high carbon dioxide content. 
The the sludge liquor, this time, was about 6.4, thus indicating that 
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the acidity needed correction. obtain some practical information these 
foaming troubles several experiments were made. 


One tank was not treated any way; that is, foaming was allowed 
take its own course. This tank foamed continuously for two months. 


uspended Matter Removed 
o 


AGE |SUSPENDED 
REMOVED 


Percentage 


Fic. 9.—RESULTS OPERATION IMHOFF TANKS. 


one tank the depth sludge liquor was measured from the surface 
the solid sludge layer the bottom. The acidity the sludge liquor was 
titrated with Brom-thymol blue 7.0, and the necessary quantity 
lime The lime was added each hopper down the gas-collector 
chimneys, through chute, with stream water. This chute delivered the 
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lime-water mixture about ft. below the surface the scum. Within 
hours foaming had stopped, and the gas-collecting system was reconnected 
and placed operation. 

another tank the lime was placed top the “foam-scum” the 
flowing-through compartment. The influent the tank was shut off and 
the scum hosed down. Foaming was greatly reduced, although not effect- 
ively where the lime was introduced directly into the sludge compartment. 

other tanks small quantities lime were added the gas vents every 
few days over period weeks. More lime, more trouble, and more 
time was necessary accomplish results this way than adding the lime 
carefully and slowly, but all one day, described previously. 

Foaming that not vigorous can greatly reduced removing the 
sludge scum from the gas vents and throwing into the flowing-through 
compartments, or, better, putting the drying beds. Regular stirring 
with water pressure also helpful the prevention foaming. 

The foregoing data are based one period experience with foaming. 
The same experience might not occur again, and several years operation 
would required permit general conclusions. 

record has been kept the volume wet digested sludge removed from 
the Imhoff tanks, but cu. yd. air-dried sludge have been removed 
from the sludge drying beds. This equivalent 1.04 cu. yd. per million 
gallons sewage treated. 

Because the high temperatures the sewage due the starch waste 
(70° Fahr. winter 104° Fahr. summer), sludge digestion very 
rapid and satisfactory all year around, even the normal low 
6.8. time has there been any sludge drawn with obnoxious odor, 
even when mistake one tank was completely emptied its sludge. Labora- 
tory experiments with Decatur conditions have shown that least 50% the 
daily gas produced given off from freshly deposited sludge the first 
hours. the gas rate from the tanks was cu. ft. per day and the 
tanks were by-passed for hours, the rate would reduced 50000 cu. ft. 
per day. This rapidity decomposition probably explains why foul- 
smelling gray sludge has ever been obtained, even collecting sample 
the sludge line the digestion chamber. should noted, however, that 
sludge drawn when serious foaming was taking place did not dry rapidly 
properly digested sludge, although there was present the usual “tarry 
odor”. 

The method operating the sludge beds has been first rake the sand 
smooth and then run from in. sludge. This sludge will dry 
days good drying weather, and then forked into.cars and dumped 
low ground fill. Considerable sludge can taken from the beds during 
freezing weather. The cakes sludge freeze such consistency that they 
are almost easily forked summer sludge. The sludge-bed capacity has 
been increased 41%, which will relieve the Imhoff digestion chamber 
its heavy winter and spring load. 

The sprinkling filter operation has been intermittent because its elevation 
such that not operated times high water the river, and because 
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the plant was by-passed for three months 1926 for the construction gas 
and for several months 1927 for the construction the pre- 
aeration plant. Since the filters were placed operation they have operated 
about 50% the time. Table gives data typical run from May, 
1925, until January, 1926. shows the effects the concentration the 
sewage the filter rates, loadings, and efficiencies, particularly when high 
concentration and cold weather coincide. The sprinkling filter rates ranged 
from 1500000 750000 gal. per day the bio-chemical oxygen demand 
the sewage ranged from 500 750 parts per million and the sewage tempera- 
ture from 90° 70° Fahr. these rates the total filtering capacity 
the acres was from 2300000 4500000 gal. per day, about one-third 
that necessary for complete treatment the entire sewage. rate 
gal. per day, with bio-chemical oxygen demand the sewage 
500 parts per million equivalent bio-chemical oxygen demand loading 
4165 per acre per day. 

Some trouble with ponding has been experienced. This seems 
growths the surface stones and broken forking, harrowing, 
and with water pressure from fire hose. 


August.......... 1.5 844 300 875 7.4 
November..... 0.74 610 760 130 457 6.5 


The data Table show the effective removal (by the secondary tank) 
bio-chemical oxygen demand from the sprinkling filter effluent. This bio- 
chemical oxygen demand appears come largely from materials sloughing off 
the filter stones. The suspended matter removal about per cent. 

strong decomposition odors were noticeable the inlet 
the screen chamber when the plant was placed operation. These odors were 
due the relatively high temperature, which caused decomposition the 
very strong sewage the lateral and intercepting sewers. galvanized iron 
railing around the screen and grit chamber was turned snow white 
sulfide frost. During the first few months operation, flap-gate was made 
which held these gases the interceptor. This greatly reduced tie odor 
during the first two years operation. 
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After the diluting condenser water from the glucose plant was taken out 
the sewerage system, the odors about the plant were greatly intensified, 


particularly all points turbulent flow. Analyses the air about the 
plant for hydrogen sulfide showed the intensity odor exist about the 
following order: (a) Gas from Imhoff tank gas vents; (b) above the grit- 
chamber effluent near the outlet weir; (c) gas from the intercepting sewer; 
(d) the overflow by-pass the Imhoff tanks; (e) the dosing tanks; (f) the 
chamber; and (g) leeward sprinkling filters during spray. These 
results showed the intensity odor, but did not show the quantity. For 
example, the total hydrogen sulfide liberated from the acres sprinkling 
filters must have been very high, but the dilution with air over great 
surface makes the hydrogen sulfide concentration quite low. 
The high hydrogen sulfide content the Imhoff digestion gas was sur- 
prise. Routine analyses the Imhoff gas over period six months revealed 
that the hydrogen sulfide content proportional the temperature diges- 
tion. Fig. gives the data temperature digestion, percentage 
hydrogen sulfide present, and the computed total pounds hydrogen sulfide 
produced per day from the total Imhoff tank digestion. These data show the 
large amount (100 lb. per day) hydrogen sulfide liberated summer tem- 
peratures digestion. 
has only been possible obtain quantitative data the Imhoff gas, but 
after considerable study conditions qualitative estimate indicated that, 
roughly, 25% the odors came from the grit chamber, 50% from the Imhoff 
gas vents, conduits, and by-passes, and probably 25% from the dosing tank 
and sprinkling filters. 
TANK GASES, SEWAGE DISPOSAL WORKS, HOFF TANKS, SEWAGE DISPOSAL 
were 
the odors were reduced covering the screen chamber, the grit chamber, 
jron the Imhoff tank conduits, and by-passes, and collecting all the Imhoff tank 
zinc gas. The chambers, conduits, and by-passes were covered with 
made 6-in. reinforced concrete slab containing suitable manholes and removable 
for accessibility. These covered sections were connected and 10-in. 


piping exhaust fan which forces the gases into combustion 
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oven. The details for the collection digestion gases are given Fig. 
The gas piped the office building for heating and laboratory use and 
the combustion oven for burning, thus destroying the odors the digestion 
gas and also the housed-in odors. 

Gas Production—Before building the gas collectors the central gas vent 
one tank was experimentally trapped building sloping wooden structure 
under the surface the sewage, somewhat resembling the Imhoff collector.* 
This structure collected about one-twelfth the entire gas production. The gas 
from this collector was used the laboratory and heat the office and labo- 
ratory building during the winters 1925 and 1926. The data regularly 
collected this experimentally trapped gas were temperature sludge diges- 
tion, volume gas, hydrogen sulfide, calorific value, and chemical constituents. 
The relations temperature hydrogen sulfide and total volume are shown 
Figs. and 11. The gas has average calorific value about 700 B.t.u. 
per cu. ft. The chemical composition varies shown Table 14. 


PERCENTAGE VOLUME. 


Maximum. Minimum. Average. 


Methane 
Carbon dioxide 
Hydrogen 


The total volume gas from the complete collecting system has been from 
000 125 000 cu. ft. per hours, except when the starch works was shut 
down when melting snow and cold rains lowered the temperature and, 
diluting the sewage, decreased the food supply for bacterial decomposition. 
such times the gas volume has reduced about 30000 ft. 

The gas and odor-collecting systems have completely the decom- 
position odors from the screen and grit chambers, and from the Imhoff tanks 
and by-passes. There slight sulfur dioxide odor from the burned gases, but 
not objectionable even near the oven. The sprinkling filters still give 
off odors when operation which leaves the last 25% the odors elim- 
inated reduced the new pre-aeration plant and recovery waste 


products the starch works. The sprinkling filters were not operation 


during the summer 1927, because high water and the construction work 
for the new pre-aeration plant. During this period there have been odors 


all from the other parts the plant, thus showing its efficiency for collecting 


and burning the gases. 

Utilization the gas for generation power for the pre-aeration plant 
has been considered but, due the uncertainty the future volume and 
strength the starch works sewage, did not seem advisable use 


Engineering News-Record, Vol. 91, No. 13, 512 (1925). 
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present. From the analyses, about cu. ft. should develop h.p.-hr. 
combustion engine. The gas used for heating the air for the new pre- 
ion aeration plant before compression, and now used for heating the building, 
for hot water, and the laboratory. 
ent Labor Force and Annual Budget.—The labor force required operate the 
ure plant has been assistant chemist, foreman, two full-time operators, night 
watchman, gardener take care the grounds and assist other work, 
gas and two extra men during the sludge-drying season. The budget for the fiscal 
year 1926-27 for operation and maintenance the plant follows: 
arly Item. Amount, 
Equipment, laboratory and engineering................ 600 
Electric power, pumping station and plant............. 000 
Gasoline, oil, and 300 
too early predict the cost operating the pre-aeration plant. How- 
ever, will probably necessary add only one more operator the staff. 
The power costs for pre-aeration have been estimated $15 000 per year. 
from Laboratory complete analytical data have been kept 
the raw sewage and effluents, particularly because the unusual strength 
the sewage and the influence adjustments the starch works its 
During 1924 and 1925 the samples were analyzed daily, but beginning 
January, 1926, bio-chemical oxygen demand and nitrite-nitrate nitrogen only 
tanks Were determined daily; the other determinations were run samples made 
but compositing 2-day samples. This method gave results which are satisfactory 
give allowed more time for important research work. 
The regular routine analyses made were: (a) Five-day bio-chemical oxygen 
waste demand, daily raw sewage, experiment station samples, Imhoff effluent, 
filter effluent, and secondary tank effluent; (b) suspended matter, 
work matter, permanganate oxygen consumed, total nitrogen, and am- 
odors were determined the 2-day composite; and (c) nitrite-nitrate nitro- 
lecting methylene blue stability, and dissolved oxygen were determined daily 
aeration testing station and sprinkling filter effluents. 
plant All analyses are made according Methods Water Analysis”, 
and (American Health Association, 1923), except that total nitrogen was 
determined instead first boiling off the ammonia and then measuring the 


organic nitrogen. Ammonia determined direct Nesslerization. 


4 
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The dilution water used for the bio-chemical oxygen demand determina- 
tion was from the infiltration gallery which supplies the sewage plant water 
system. Dr. Greenfield* has described the importance. salts 
dilution water and their effect the and 20-day oxygen demands. Dr. 
Mohlman recommends 0.5% NaHCO, distilled water. The writers 
favor the establishment definite salt-containing dilution water for the 
bio-chemical oxygen demand determination. The composition the tap 
water which has been used after aeration and standing days given 
Table 15. 


TABLE 15.—Composition Tap 


Parts per Parts per 


Sodium and potassium (Na and K). 112 
Ammonium 


Oxygen consumed from permanganate bears very definite relation 
bio-chemical oxygen demand for each sampling point, for the condition 
the sample, and for the period year. Decatur the oxygen consumed 
used convenient yardstick from which predicted the probable 5-day 
demand the first day. 

The present Imhoff installation may relied give 75% 
removal suspended matter and 22% removal bio-chemical oxygen 
demand when treating much gal. per day. This the maxi- 
mum volume which will handle satisfactorily. 

The additional sludge bed area, making total 1.87 acres (equivalent 
1.0 sq. ft. per capita based 60000 population), will give ample sludge 
capacity the Imhoff digestion chamber for the sludge from the mixed 
sewage. There may not sufficient sludge capacity take care the waste 
activated sludge from the pre-aeration plant which returned for 
digestion into the Imhoff tanks, owing largely the uncertainty its 
volume and temperature. Separate sludge digestion tanks may have 
added later. 

The sprinkling filter capacities have varied from 700000 gal. 
per acre per day and from about 000 700 5-day bio-chemical 
demand per acre per hours. For average applied sewage strength 
500 bio-chemical oxygen demand and moderate summer temperatures, the 
sprinkling filter will handle about 1200000 gal. per day and 5000 
5-day oxygen demand per acre ft. deep. During cold weather the filter rate 
must cut somewhat more than gal. per day, order keep the 
filter condition. The maximum nitrogen loading with Decatur 


Industrial Engineering Chemistry, No. 18, 1276 (1926). 
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na- seems about 552 per acre ft. deep. The acres sprinkling filters 
have only one-third one-fourth the capacity required treat the total 
mixed sewage without pre-aeration. 
ters 
the purpose the pre-aeration testing station was deter- 
mine the Applicability combination aeration and filters 
sewage treatment Decatur. Experience with the operation the main 
sewage treatment plant indicated that relatively large area sprinkling 
filters would needed, amounting about acres, depending the 
process adjustments the starch works. Such increase filter area 
was beyond the means the Sanitary District and was considered hazardous 
from odor standpoint. 
The installation Birmingham, England, sewage treatment works, 
comprising short period aeration settled sewage, with increased load- 
existing sprinkling filters, looked promising. visit Birmingham 
was made, therefore, Paul Hansen, Am. Soc. E., 1924 and, 
later, one the Trustees the District. The construction the 
testing station described was then recommended and authorized. Actual 
operation began February 23, 1925. 
Operating complete record operation given Table 16. 
The influent the testing station comprised settled sewage from the Imhoff 
tanks. The volume this influent sewage, the sprinkling filter influent, the 
returned sludge, and the excess sludge wasted the sewer were all measured 
5-day orifice boxes. The volume air used for sludge re-aeration was measured 
displacement meter. The power for operating the Simplex aerator was 
measured recording watt-hour meter. The orifice boxes for measuring 
xygen the influent sewage and the liquor going the sprinkling filters were provided 
with constant level overflows that the flow through the orifice was constant. 
The orifice boxes for the sludge did not have constant level overflows. How- 
valent ever, careful attention, close record was kept the sludge quantities 
sludge despite the difficulties occasioned the wide variation the density 
mixed the sludge. 
waste The sprinkling filter was first dosed from tank the outlet which was 
for controlled cam which opened and closed valve the influent line 
the The operation this method control was satisfactory, but 
required numerous cams for changing the rate flow and very careful ad- 
justment the sprinkling filter orifice box order not overflow the 
dosing tank. The cam, therefore, was displaced siphon which delivered 
sewage the filter the rate which was pumped the siphon tank. 
The air vents small siphon were plugged with slimy 
es, the growths that they had cleaned regularly. The sprinkling filter was 
stone from the large filters and, therefore, was seeded from the begin- 
ter ning the experiments. 
the Operating testing station was operated practically continu- 
sewage ously from February August 20, 1925, when the motor for the Sim- 


plex aerator burned out, shut-down until September 11. During 
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this time the operation was divided into ten periods, each period comprising 
run days. During each these periods the various operating 
elements, such the rate flow, the displacement period the aeration 
tank, the quantity sludge returned, and the rate the sprinkling filters 
were kept constant. During the first nine periods the sewage contained the 
diluting refinery condenser water which caused weaker mixed sewage 
than was received later during the tests. The sewage during the tenth 
period was increased strength the removal the condenser water and 
decreased relatively low corn grind. During these first six months 
operation much was learned about the behavior under-aerated sewage 
and sludge, and this period may designated experimental. 

Operation was resumed September 11, 1925, and continued without 
any appreciable interruption until April 1926. During this time there were 
thirteen additional operating periods each days’ duration, during 
which the rates flow, the aeration periods, the quantity sludge returned, 
and the sprinkling filter rates were held constant; except that during Runs 
11, 13, and 21, the sprinkling filter rates were varied indicated Table 17. 
The crude sewage during this period was typical the normal strong mixed 
sewage without dilution the refinery condenser water unusual rain- 
fall. Its strength was influenced considerable fluctuations the corn 
grind. The strongest sewage was received during the coldest weather when 
rates oxidation were minimum and difficulties with frozen pipes some- 
what interfered with continuous operation. 


TABLE 


Pre-Aeration the major problems the operation the 
testing station was keep the sludge settleable condition. 
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The data Table giving settleable matter cubic centimeters per liter, 
show that during the first ten periods operation considerable volume 
sludge was discharged over the settling-tank weirs the sprinkling 
The relatively light character this settleable matter indicated 
the proportionately lower quantities suspended matter. During these 
periods the sludge was very thin and often would not settle appreciably 
hours. This thin fluffy condition the sludge was first attributed 
lack sufficiently heavy solids the settled influent the aeration tank, 
and attempts were made procure thicker sludge returning 
larger percentage sludge the aeration tank; (b) increasing the period 
sludge re-aeration hours; and (c), increasing the aeration period 
hours. None these methods was entirely satisfactory. Increasing the 
quantity returned sludge made bulking worse; and increasing the time 
sewage aeration and sludge re-aeration, within the limits used, had 
appreciable effect. was finally found that each period aeration and its 
strength sewage gave characteristic sludge which could maintained 
and settled not more than about 10% volume sludge after settling 


hour was kept the aeration tank liquor. 
Operating experience clearly indicated that sludge should not allowed 
remain accumulate the settling tank. The solution the sludge- 
handling problem appears prompt and regular drawing sludge 
ne- maintain only relatively fresh sludge shown during 
Periods 17, 18, 19, and 20, Table 16. During Periods 17, 18, and 19, the 
sludge was black, with rather septic odor, and settled rapidly. 
During Period considerable quantity sludge was lost because 
frozen sludge pipes. Just before the start Period the sludge line broke 
and all sludge was lost that during this period the operation the aeration 
tank was with entirely fresh sludge. The removal 5-day bio-chemical 
oxygen demand the partial aeration during these periods was, follows: 
Percentage removal 5-day 
Period. bio-chemical oxygen demand. 
ent. ee ee ee 
Thus, with the fresher sludges the removal bio-chemical oxygen demand 
Was greater. 
partial aeration, the condition the sludge makes 
the capacity and rating the settling tanks important. the testing 
the sludge was satisfactorily settled with displacement period 1.{ 
hours and surface rating 1050 gal. per sq. ft. per hours. When 


bulking the sludge took place, could not settled with the 
maximum available displacement period 3.6 hours equivalent surface 
tating 320 gal. per sq. ft. per hours.. With regular and sufficient removal 
the excess, the sludge may kept sufficiently fresh and active and 
permit satisfactory sedimentation. This active sludge 
typical activated sludge from complete aeration works, except the 
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physical nature the floc. The color gray black and not brown. The 
odor disagreeable, but not septic. The operation the testing station 
indicated that the volume sludge the aeration tanks should not more 
than 10% volume determined sedimentation cylinders for hour. 
poorly settled sludge developed, the best procedure remove 
start again building new sludge. This often almost white, 


more 


but becomes more gray color each day. 
Periods Aeration.—The period aeration has very definite relation 
the amount purification measured the percentage removal 
bio-chemical oxygen demand. Fig. shows the reduction the 5-day bio- 
chemical oxygen demand for different periods aeration. Although the 
longest aeration period hours, the trend the operating data indi- 
that about hours might required for complete treatment the 
Decatur sewage after preliminary sedimentation order turn out 
containing sufficient nitrates insure stability with maintenance 
satisfactory sludge. 
REDUCTION BIO-CHEMICAL OXYGEN DEMAND, SEWAGE 
DISPOSAL DECATUR, ILL. oxyge 
The maximum capacity the testing station permitted only hours the 
re-aeration the returned sludge. Under Decatur conditions this re-aeration 
did not materially improve the quality the sludge. was considered that 
larger capacity the pre-aeration tanks was preferable provision for 
sludge re-aeration. the full-sized plant connections have been made for 
the later construction sludge re-aeration tanks should they 
desirable. The testing station operation showed that hours sludge re-aera- 
tion are little value. 
Operation Sprinkling Filter—The results operating the small 
sprinkling filter are shown Table 17. These data indicate that filter 
ft. deep, about Ib. 5-day bio-chemical oxygen demand can satis- 
factorily handled per acre per hours. may possible handle 
larger quantity than this summer temperatures. This loading, under 
Decatur conditions, represents dose the rate between 2500000 and 
gal. per acre per hours. 
Table gives the removal 5-day bio-chemical oxygen demand the 
several parts the plant. From crude sewage sprinkling filter effluent 


the removal 5-day bio-chemical oxygen demand was, general, somewhat 
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more than per cent. The testing station included secondary final 
settling tank for the sprinkling filter effluent. such sedimentation, the 
bio-chemical demand the sprinkling filter effluent may further reduced 
from 50% the final settling tank influent, thus increasing the over-all 
removal bio-chemical oxygen demand about per cent. 

Studies the testing station showed that within reasonable limits, the 
sprinkling filters could operated relatively constant loading 5-day 
bio-chemical oxygen demand (in the partly aerated sewage) amounting 
7500 Ib. per acre per hours. Thus, the quantity effluent delivered 
the sprinkling filter was proportionate its strength and was fixed about 
22500 lb. bio-chemical oxygen demand for the acres. possible, 
therefore, draw rough balance between the amount pre-aeration neces- 
sary for any given strength sewage with the acres sprinkling filters. 
Such computation would include the over-all annual costs reflecting the 
fixed charge for construction and the annual cost power and labor, that 
the best economy for each condition might secured. Fig. gives the 
amount aeration needed for different strengths sewage calculated for 
dosing acres filters the foregoing loads. 

Odors from the aeration tank and sprinkling filter were not noticeable 

during the first ten operating periods, while the strength sewage was less 
than 500 parts per million 5-day bio-chemical oxygen demand, but very 
decided “animal den” odor was observed about the aeration tank the 
strength the sewage increased more than 600 parts per million 5-day 
bio-chemical oxygen demand. This odor may have been due the stronger 
sewage, but was more probably occasioned decreased aeration and more 
septic sludge. With the process adjustments the starch works the mixed 
sewage handled the larger plant will have 5-day bio-chemical 
oxygen demand about 300 parts per million. With this weaker sewage, 
the new plant not expected give off any objectionable odors. 


the 
the 


Basis Design, New Pre-Aeration Plant—The design the new pre- 
plant based dry-weather sewage flow 000 000 gal. per day 
and maximum rate 16000000 gal. per day, with additional capacity 
the aeration tanks for 10% the returned sludge. Analyses the starch 
ound works sewage and the city sewage indicate that after the process adjustments 
the starch works the mixed sewage will have 5-day bio-chemical oxygen 
demand somewhat more than 300 parts per million. Fig. indicates 
that sewage this strength will require pre-aeration for about 1.25 hours 
prepare for application the existing acres sprinkling filters, 
Because possible irregularities the starch works sewage and because 
the retarding effect cold and wet weather, was decided give the 
aeration tanks displacement period exclusive returned sludge 2.75 
hours, when the sewage flow was 10000000 gal. per day. This equivalent 
hours the higher rate 000 000 gal. per day. 
The settling tanks were also designed relatively conservative basis 
that occasional sludge, difficult settle, can better recovered. There- 
fore, displacement period 2.6 hours, equivalent surface rating 


833 gal. per sq. ft. per hours, was adopted. These capacities are about 
twice those found desirable during the test periods, (Table 17). 


ei 
+t 


2282 SEWAGE DISPOSAL WORKS DECATUR, ILL. 


1926-1927 


General Arrangement.—After the testing station had been put operation 
plans were prepared and contracts let for the construction pre-aeration 
plant with rated capacity 10000000 gal. per day. plant comprises 
aeration units, settling tanks, blower house, and appurtenances; and brings 
the capacity the sewage disposal works about 150000 equivalent 
population. 

During the operation the pre-aeration testing station, conferences were 
held with the officials the starch works relative process adjustments 
within the starch plant looking toward reduction the strength the 
sewage. that time the organic matter the starch works sewage was 
roughly indicated, follows: 

Pounds total organic and 
free ammonia nitrogen 
starch works sewage 
per bushel grind. 


The officials the starch works Decatur agreed make process adjust- 
ments their plant. the time the conferences 1926, the equivalent 
population the starch works sewage had, times, exceeded 300000. 
was agreed that process adjustments would made the starch works 
reduce the population equivalent about 90000 July 
and thereafter population equivalent about 1000 for each 1000 bushels 
corn ground and rate keep pace more less with the growth the 
city. The Sanitary District agreed install pre-aeration plant bring the 
capacity the disposal works about 150000 July 1927. Both 
agreements have been fulfilled except time, which has been extended 
about four months. Thus, the Sanitary District effect provides somewhat 
liberal capacity for its future requirements and permits the starch works 
utilize the available capacity for the future. 

The pre-aeration plant has been built east the present sprinkling filters, 
the west end the space alloted future sprinkling filters the original 
layout. The new blower house stands between the aeration tanks and the 
sprinkling filters. Along the east side the new settling tanks, space 
reserved for sludge re-aeration tanks should they found desirable; and, 
general, future extensions the plant are planned easterly 
direction. 

order provide head for the new units, was not considered neces- 
sary raise the elevation the flow line the Imhoff tanks, although this 
was possible because the contingent allowance 1.0 ft. the original 
design and the relatively ample free-board in. The operating level 
the dosing tanks however, was adjusted from Elevation 601.90 Elevation 
601.25, thus providing head 1.36 ft. for the operation the 
plant. The hydraulic computations were based maximum rate sewage 
flow gal. per day, average 10000000 and minimum 
000 gal. per day. 
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Aeration are six aeration units each 120 ft. long, ft. 
wide, and 14.5 ft. liquid depth over the aeration plates, with in. free- 
board. Including allowance 10% for returned sludge, the aeration 
tanks have displacement period 2.5 hours with sewage flow 
000 gal. per day. 

The aeration provides spiral flow from two rows filtros plates along 
one side each tank (the so-called Manchester type), the plate area amount- 
ing 10.65% the tank area. 

inlet conduit extends along the north end the six tanks from which 
the sewage flows into the center each tank through 24-in. sluice- 
gates. Return sludge pumped into the sewage the inlet west end 
this conduit. The aerated sewage flows out the tanks over weirs and 
then through Venturi meters the settling tanks. There one Venturi 
meter for each two aeration tanks that the sewage flow can distributed 
desired. Indication this flow carried air the sludge pump 
houses. pipe gallery extends along the south end the aeration tanks, 
with sludge pump house the southeast end the gallery housing the 
Venturi meter indicators, valves, piping, and sludge pumps, and connecting 
directly with the blower house the west end. 

There are two settling tanks each 77.5 ft. square, with liquid depth 
ft. the periphery and 13.69 ft. the center. The total displacement 
period above the sloping bottom 2.6 hours and the settling rate 833 gal. 
per sq. ft. tank surface per hours, both for sewage rate 10000000 
gal. per day. 

The sewage will enter the tanks from conduit along their east sides 
through six inlets for each tank. The effluent discharged over adjustable 
weirs extending along the entire width each tank and into conduit 
connected the dosing tank. 

Each tank equipped with Dorr mechanism for the removal sludge. 
The sludge passes through 8-in., cast-iron pipe built under the tanks 
open well the east end the pipe gallery. Two 8-in. centrifugal 


pumps send the sludge either the main conduit leading the Imhoff: 


tanks the conduit leading the aeration tanks. There Venturi 
meter for each sludge line, and the division flow controlled gate 
valves the sludge lines. 

The blower house ft. long 26.5 ft. wide inside and has space for 
four blowers, boiler for heating the air, and other appurtenances. There are 
two gear-connected General blowers the centrifugal type, operating 
11850 rev. per min., each having capacity 3500 cu. ft. free air 
per min. the average sewage flow 10000000 gal. per day, this 
installed capacity equivalent about 1.0 cu. ft. air per gal. 

The characteristic curves this type blower are shown Fig. 13, 
Curves and are based air temperatures 35°, 50°, and 95° 
and barometric pressures 14.85, 14.4, and 14.0, respectively. 
With one blower operation, the rate air delivery can varied from about 
0.4 0.6 cu. ft. per gal. sewage, with very little loss efficiency. 
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The characteristic curves show that for equal volumes free air, the 
warmer the air the less the power required. view the fact that con- 
siderable gas from the Imhoff tank was available, was considered advisable 
maintain the air going the blowers temperature about 95° Fahr. 
The air drawn through louvres the blower-house wall, through thermo- 
statically controlled steam-heating coils, through cell-type air filter, and 
thence the blowers. The coils have capacity raise cu. ft. air 
per min., about 100° Fahr., depending the temperature the incom- 
ing air. The coils are supplied with steam from the blower-house steam- 
heating system. The cell filters have capacity cu. ft. per min. 


Kilowat Input 
Discharge Pressure Lbs. per Sq. In. Gauge 


Thousand Cubic Feet Free Air per Minute Thousand Cubic Feet Free Air per Minute 


13.—CHARACTERISTIC CURVES CENTRIFUGAL COMPRESSOR, SEWAGE DISPOSAL 
DEcATUR, ILL. 


Air deliveries will measured through Bailey meter the blower 
house the main 18-in. cast-iron air line. This air line passes through the 
pipe gallery with 10-in. branches each aeration tank and 4-in. branch 
all conduits. The rate air flow the three 10-in. and one 4-in. air lines 
indicated the sludge pump house manometers which indicate the dif- 
ferential across the flow nozzles inserted the several air lines. this way, 
the flow all the branches may readily distributed suitable adjustment 
the valves. The air lines are provided with condensate traps for the 
removal water. The blower house built common brick concrete 
foundation and has asphalt shingle roof. 

Excess sludge pumped into the crude sewage near the bottom the 
riser conduit the northeast corner the Imhoff tanks. The excess activated 
sludge thus being digested with fresh sludge the lower compartments. 
With the reduced strength the starch works sewage, expected that there 
will sufficient sludge digestion capacity the present tanks handle the 
excess activated sludge. Within few years, however, planned increase 
the sludge digestion capacity adding separate sludge digestion tanks. 

The operation the testing station indicated the possibility running the 
sprinkling filters rate 000 000 gal. per day per acre. Therefore, was 
necessary increase the capacity the dosing tanks, install additional 
siphons, and put many more nozzles. 

With the original installation dosing tanks and 860 nozzles for the 
acres filters, the maximum rate dosing was about gal. per day 
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per acre, total gal. per day, without putting the siphons into 
continuous operation. The nozzles were originally the Taylor circular spray 
type with orifices spaced ft. in., center center. They were 
replaced with 1312 Taylor circular spray nozzles with orifices spaced 
ft. in., center center. The original system distribution piping was 
used, and the additional nozzles were installed means branch pipes from 
the taps already made the lateral distribution. The closer spacing and 
greater number nozzles allowed lowering the high-water level the 
dosing tank 0.65 ft., which was made available for the pre-aeration plant. 

The remodeled dosing tanks and filter distribution system are designed 
handle average flow 10000000 gal. per day, with uniform distribution 
and can take care nearly gal. per day, without appreciable loss 
uniformity and still maintain intermittent operation the siphon. The 
operation average flow slightly more than min., which time 
the nozzles are operation about min. 

During the operation the testing station, odors were observed the 
aeration tank. These were characterized similar the animal den odors 
the “Zoo”. The intensity such odors from the large aerating tank and 
with the weaker sewage from the starch works has not yet been determined. 
However, provision has been made for housing the aerating tanks and for 
burning the gases necessary. 

the aeration plant given Table 18. 


The unit prices the major items were stated the contract follows: 


Concrete floors and cu. yd. 
Miscellaneous steel and wrought per Ib. 
Cast-iron pipe, bell and 
Cast-iron specials, bell and 
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The project Decatur the final stages operation has required 
nearly fifteen years investigation and construction effort. Portions the 
work, such the organizing the Sanitary District, and the treatment 
the starch works sewage, were unusual and required careful and gradual 
working out. The persistence the effort noteworthy and due large 
measure the continued service the Board Trustees, one whom has 
remained throughout the entire life the Sanitary District. the hope 
the writers that the foregoing record will useful the consideration 
other sewage disposal problems. 
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WATER SUPPLY PROBLEMS DESERT REGION 


This paper treats some the water supply problems section the 
Atacama Desert Northern Chile—the sources water, the nature the 
waters and the losses which they are subject, and the works which have been 
installed for impounding and transporting water. Some notes are added 
the utilization surplus water resources for irrigation and for hydro-electric 
power, presenting conditions peculiar arid regions. 


GENERAL 


The water supply problems desert regions are peculiar. Not only 
precipitation scant these arid lands, but the losses water from evapora- 
tion and seepage, well contamination absorption salts, are factors 
which seriously affect the available supply. 

Desert regions comprise nearly one-quarter the earth’s land surface. 
Some have developed considerable economic importance through the discovery 
mineral deposits which the very aridity the climate 
Among the latter the Atacama Desert Northern Chile, where the world- 
famous nitrate fields are located, and also important bodies copper ore. 
Here, number inland industrial centers have grown up, well several 
prosperous seaports, among the latter being Antofagasta and Iquique, cities 
more than population. 


Sources WATER THE ATACAMA 
Situated between two rain barriers, the Humboldt current and the Western 
Cordillera the Andes, Northern Chile has little rainfall. elevations 
below ft., averaged only 0.04 in. per year prior little 


discussion this paper will closed February, 1929, 

With Green Muth Bldg. Corporation, Rockville Center, 

During the years 1925, 1926, and 1927, the rainfall has been greater, due perhaps 
the supplanting the cold northbound Humboldt current the warmer southbound Nino 


during the summer 1925. Such change climate probably transient char- 
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wonder that the Desert Atacama one the most barren the earth’s 
surfaces. 

Above elevation 000 ft. there are showers during the summer 
(January April) most years. single stream reaches the Pacific through- 
out the year—the Rio Loa (Fig. 1)—which has maximum flow 130 cu. ft. 
per sec., decreasing cu. ft. per sec., crosses the desert (Table 1). 
Yet this little stream supplies the Antofagasta nitrate pampa, the copper plant 
Chuquicamata, and the City Antofagasta, and contributes the opera- 
tion three railroads and the irrigation farm lands. 

this latitude the Andes form two distinct ranges, the Cordillera Occi- 
dental and the Cordillera Oriental. Separating them region high 
plateaus without surface drainage. The strip land sloping the Pacific, 
well portions the high plateaus, form part Chile. 

The Cordillera Occidental (Fig. consists uniformly high surface 
folded and uplifted rocks, upon which voleanic masses have formed peaks 
and ranges. After the main range the Cordillera Occidental had been 
raised its present height, the forces voleanism appear have shifted 
toward the west, where subsidiary and lower chains cones were 
built up. but few places did they cut off drainage the Pacific, but they 
did cause the formation large lakes which gradually filled with sediments, 
some places depths perhaps 000 ft. 

The waters which feed the Loa System originate primarily from summer 
snows and rains which fall the high Cordillera region. These form 
number small streams (Fig. 2), most which flow only during the heat 
the day. The streams disappear within the sediment-filled lakes. Along the 
western bounds these basins, the lower points the secondary ranges, 
the waters emerge springs (Fig. 3), below which they have cut deep spec- 
tacular canyons through the volcanic formations the lands beyond. 
acting natural reservoirs, the basins regulate the tributaries the Loa 
and thus maintain fairly constant flow throughout the day, season, and year. 

East the main range the Cordillera Occidental are number wet 
basins without apparent outlet. Although subject heavy evaporation, the 
lakes never dry up, for their water-sheds, being reached moist east winds, 
experience prolonged droughts. they lie well above the Pacific draining 
region the western side the intervening range, there must drain- 
age from one the other, probably along contacts the older rocks and the 
newer topping which form this range. Thence, the subterranean 
waters flow directly into the basins sediments, from which the streams 
the western slopes draw most their water. Thus, would appear that the 
streams draining the Pacific are fed from waters the moister eastern 
slopes even when their local supply fails. 


MEAsuREMENTS 


Recording stream the Atacama Desert, particularly the head- 
waters the feeders, was work fraught with difficulty. Changes river 
beds caused flood flows permitted leakage the sides and below weirs. 
Several times complete destruction followed cloudbursts. current-meter 
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stations the configuration the river bed was often subjected alteration 
high water that constant checking was necessary during the rainy season. 

Observation stations were necessity located isolated regions, day’s 
muleback journey apart many cases. Food and shelter were poor, the only 
inhabitants being few Indian pueblos. These Indians always 
friendly, although the diversion water would have been disastrous them. 
The cold the Cordillera intense night, whatever the season, and 
“soroche”, mountain sickness, was further severe handicap men who 
were not accustomed high altitudes. The native observers placed stations 
had their limitations, and supervision was both difficult and expensive. 
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Rio Loa, Upper Section 
Rio Loa Pozo del Mifio.......... 800 Lessthan 
Rio San Pedro: 
San Pedro, Santa Barbara... 810 19.2 14.1 195 120 
Rio Loa, Middle Section 
Rio Loa below Rio San Pedro........ 810 65.1 
Chiu Chiu Irrigation. 215 60.0 49.4 144 
Rio Salado and Feeders 
Rio Loa, Lower Section 
Rio Loa, below Rio 215 180.6 109.5 126 115 
Rio Loa below Rio San Salvador... 151 102.6 
Quillagua (above irriga- 
Rio Loa, Quillagua (below irriga- 


VARIATIONS FLow 


Flow the streams fed from underground reservoirs varies but little. 
For example, during 1913 monthly averages flow the Rio Loa just below 
the confluence with the Rio San Pedro remained between and cu. ft. per 
Over period years, the limits monthly averages were and 
cu. ft. per The increases during the summer months from rains are 
not great. Sudden floods are occasioned cloudbursts and heavy storms, 
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but high water seldom lasts for more than hours. 
the volume the Loa below the confluence with the Salado, near Chiu-Chiu, 
rose more than cu. ft. per sec. for few hours, this being 115 times 
the normal flow and probably the highest the recent history the river. 


During the irrigating season, from September March, losses water 


the Loa below Chiu-Chiu are heavy, may seen from the minimum 
normal flows Table 


WATER 


The flow and usability waters the region suffer from (1) losses 
from evaporation; (2) losses from seepage; and absorption salts. 
These three important factors will discussed separately. 
Evaporation.—Waters which enter interior drainage basins, mere evaporat- 
ing pans, are lost evaporation. Flows the Loa and other river systems 
are also subject high evaporation whenever they spread out form 
marshes. 


masonry canals drain these swamp lands, carry the waters past them, 
has been necessary. 

The magnitude these losses due part the extreme dryness 
this region. Comparison the evaporation observed the Atacama Desert 
with that given Ivan Houk, Am. Soc. E., for Reclamation 
projects (Table show that rates the Chilean desert are generally higher 
than Yuma Citrus, the dryest Mr. Houk’s stations. While the writer’s 


data were compiled partly the Chilean Government and partly indus- 


trial companies, and, therefore, probably are not the same high degree 
accuracy those Mr. Houk, they are nevertheless significant.* The 
stations Chacance and Chuquicamata are representative the arid sections 
the Atacama Desert. 

Eventually, the water requirements the Northern Chilean desert may 
necessitate complete drainage the lakes the Bolivian side the frontier, 
means tunnels, avoid evaporation losses. The costs such works 
are not apt drawback the international complications. 

numerous are the lava flows which have obstructed drainages 
and diverted them from one course another that detailed study such 
formations may necessary order determine the origin, particular 
flow. Streams disappear below the surface and, later, re-appear, sometimes 
greater volume, sometimes less. That underground flows are often large 
has been demonstrated the increases observed stream flow 
sections where run-off received. Isolated water holes, ofttimes the 
most arid parts the desert, furnish further proof such underground 
flows. the face the Coastal Range escarpment beside the Pacific, where 
the strata have been exposed fracture, springs are frequent—although this 
region where showers occur perhaps once year. Part the flow 


None the Chilean observations was based the use floating pans. Inasmuch 

the high evaporation rates the Atacama Desert are due high average wind velocity 

Tather than high average temperature, would seem that there would far less difference 

and water-pan measurements this case than the stations mentioned 
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February, 1925, 


Where water-works have been installed, the construction 
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these springs doubtless due condensations from the afternoon clouds 
which envelop the coastal cliffs, but more, perhaps, comes from underground 
passages extending hundred miles more inland the Cordillera region. 


TABLE 2.—Comparison Evaporation Recorps 


Station. 


evaporation, 
inches. 
Mean 
temperature, 
degrees 
Fahrenheit. 
Mean wind 
velocity, 
miles per 
hour. 


Yuma Citrus, Ariz 122.81 miles southwest 
Yuma desert mesa. 

Yuma Citrus, 1921 3.03 during years, 1921 

Elephant Butte, Mex 1917 61. 4.52 during years, 1917 

San Pedro 117.15) mountain region subject 

annual precipitation 

Various about 1.7 in. 

Chuquicamata arid desert, very little pre- 
cipitation. 

Calama 1917 113.40 Within irrigated area, very 

Ranging little precipitation. 

Chacance 181.00 between arid desert, rainfall mini- 
6and8 mum, about once years. 

Quillagua 119.00 Within irrigated area, rainfall 
minimum, about once 


paper Ivan Houk, Am. Soc. E., entitled, “Evaporation 
States Reclamation Transactions, Am. Soc. E., Vol. (June, 1927), 266. 


The underlying rock formations are such structure cause loss 
much the water passing through them. Some the waters that wander 
away through limestone passages surface sediments, are certain return 
the main channel because the water-tight flooring hard 
rocks. the other hand where such waters have access underlying 
stratified rocks permeable nature, heavy losses result, due the steep 
slopes which facilitate subterranean flow direct the ocean. difficult 
trace waters lost the pervious strata sandstone because the overlying 
mantles detritus are sometimes hundreds feet thickness. 

Thus far, losses due seepage have not for considerable attention 
because the moderate water requirements. With increased exploitation 
the mineral resources this region the engineer must face the task 
reclaiming these waters preventing their escape. far the writer 
knows, deep borings have been undertaken reach the underground flows, 
which probably become concentrated within buried drainage systems the 
past. 

Absorption Salts—Some the voleanic barriers through which the 
flows pass contain considerable salts uncertain origin. Perhaps they were 
caused decomposition tuff due fumarolic waters, such still 
exist the region. Again, they may from vast beds sodium chloride 
which out basins the continent was elevated more than two 
miles out the sea, later covered with materials. Whatever 
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the cause, many the waters that are chemically quite pure near their 
sources, acquire much salt while passing through formations, par- 
ticularly the lower boundaries the basins sediments, that they cease 
potable. 

Chemical concentrations are highest waters geysers 
springs. The geysers the Tatio initiate flow 14.8 cu. ft. per sec., 
with chlorine content 4200 parts per million. The Chilean Government 
once considered diverting this river evaporating basin outside the Rio 
Loa System, but study the such undertaking caused 
abandoned. 

Seldom are waters the desert chemically pure those ordinarily 
used regions normal rainfall. Only the upper reaches the Loa 
System (Table the water low chlorides and sulfates. the United 
States, waters containing chlorine excess parts per million are not 
desirable because corrosion boilers and plumbing fixtures. Northern 
Chile chlorine tolerance for potable waters and those used for generating 
steam usually set parts per million, and the Chilean Government has 
stretched the point slightly including within this category waters the 
Rio Loa System which have much parts per million. 

Whereas waters used steam boilers may treated for sulfates and 
carbonates, the writer knows practicable way eliminating chlorine. 
The waters the Rio Toconce, containing parts per million chlorine, 
have been used for number years locomotives. The Antofagasta- 
Bolivia Railroad Company one time used the water the Rio San Pedro 
having 195 parts per million chlorine, but had obtain other supplies. 
For drinking, waters similar those the Rio San Pedro are apt have 
mild purgative effect. Those having much 1000 parts per million 
chlorine are not fit drink. The people the Village Quillagua, although 
very poor, purchase water from the Railroad Company the 
equivalent cents (U. currency) per gal., rather than use the brackish 
water the Loa. 

For irrigation the Chilean Government classifies good, waters not 
exceeding 200 parts per million chlorine. general, only the Indian 
communities near the head-waters the region have such water. Nevertheless, 
good crops alfalfa, corn, and some vegetables are raised witn water from 
two ten times this maximum. 

Streams which spread out form marshes are naturally high salinity. 
The salt content most the waters the region also increased 50% 
more during the summer season, when the rains the upper sections 
dissolve saline efflorescences. 

the basins without outlet, the lakes have widely diversified chemical 
content, including alkalis and borax. The impotability many these 
attested the bones animals along the shores. other lakes, 
the Laguna Colorada, the brackish water forms large pool the center, 
separated crystallizations salts from the outside waters, which are potable. 
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view what has been said about evaporation and seepage losses 
well the acquisition soluble salts, apparently potable water intakes might 
best located the upper sources the feeders, that is, the snow drain- 
ages, before they disappear into the reservoirs sediment. This seldom 
feasible, however, because (a) the high altitude and general inaccessibility 
such places; (b) the intermittent character flow due freezing; and (c) 
the fact that very dry years there may flow all. 

few cases snow drainage water, although flowing underground, has 
been piped building subterranean dams—such works being limited narrow 
valleys. others, the waters have been taken from rivers elevations 
between 11000 and 14000 ft. driven into sandstone formations 
collect and divert ground-waters intakes have also been resorted but they 
seldom yield much natural springs. For example, the fifteen canals 
the Pica Region, Province Tarapaca, discharge but little more than 
cu. ft. per sec., despite their miles length. 

advantageous location for the intake the springs where the waters 
issue from the natural resevoirs. They may have already dissolved some 
but not large quantity. Small canals carry the water the settling basin 
the intake the pipe line (Fig. 4). 

Where waters are removed from streams, the diversion dam and intake 
chamber require merely sufficient height keep the pipe line from drawing 
air. Constant cleaning necessary, for not only there considerable sedi- 
ment, but also floating matter, chiefly pebbles pumice, washed from the 
ground the rains. Pollution sewage seldom for consideration 
locating potable water intake, for the water sources are rarely inhabited. 


Lines 


Pipe lines depend gravity the upper sections and pumping stations 
the lower. The pipes are nearly always steel cast iron; wood-stave 
lines, although cheaper, are hardly safe regions the desert where water 
and scruples are few. One structure was made hard durable metal 
purpose “to resist destruction travelers who ordinarily take such objects 
targets for revolver rifle shots.” 

These lines are laid the ground with covering about in. soil, 
except the joints. This protects them against temperature changes which 
sometimes amount 80° Fahr. within hours Northern Chile. The pipe 
line full water not rule affected temperature, but when break 
occurs difficulties may ensue. Pipe lines are covered they are laid, using 
expansion joints take such temperature stresses until the earth cover- 
ing becomes compact. 

many cases the water conveyed for long distances, the supply the 
City Antofagasta traveling 230 miles. Some the lines are operated under 
but little pressure, open tanks being located intervals. Others, which cross 
low valleys, necessitate pressures high per sq. in, 
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SHOWING SMALL CANAL CARRYING WATER SETTLING BASIN 
INTAKE PIPE LINE. 


Fic. 5.—METHOD TRANSPORTING MATERIALS FOR PIPE LINES CHILE. 
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Design pipe lines ofttimes presents complications. Transportation 
materials must considered the location (Fig. 5), for, country covered 
with lava flows and cut deep canyons, delivery costs may far exceed the value 
the pipe.* Also, important the hydraulic grade, particularly the section 
just below the intake where the line must generally located within the 
bounds deep precipitous canyon. Here, construction expenses are high. 
Yet reduce them resorting minimum grade for the pipe line apt 
short-sighted, due the tendency the hydraulic grade fall below the 
level the pipe after several years operation, with diminished capacity 
and other troubles resulting. The writer recalls one instance wherein was 
necessary lay “looping” lines after eight years operation, order 
bring pipe line the minimum for which was designed. 


OPERATION 


The high chemical content the water apt make pipe corrosion prob- 
lems more acute desert regions than under similar conditions humid 
lands, for sulfates and chlorides, usually abundant, aid the attack iron. 
Northern Chile, analysis nodular incrustations found pipe line 
showed composition 0.8% sulfate radical and 0.2% chlorine, concen- 
tration which quite remarkable considering that only and parts per 
million these radicals occurred the water itself. 
regions recent activity, where rainfall are apt contain 
large quantities carbon dioxide and hydrogen sulfide, both gases being 
agents corrosion. The warmth spring waters (often high 75° Fahr. 
throughout the year) also contributes their corrosive properties. 

the corrosive quality these waters, highly important that 
air excluded from pipe lines. When the hydraulic grade line falls below 
the level the pipe, even for transient periods when scouring done, 
water wasted, branch lines fed, air admitted and conditions favorable 
corrosion are set up. 

For removing sand and sediments, sand traps are best, they not cause 
the impairments often attendant upon scouring. Valves for emptying 
pipe line are necessary, for discharging the water when repairs are 
progress; but when such valves are used for scouring, their locations 
well the manner their operation call for careful study. One company 
used floating balls hollow metal for ridding its line sand. The ball was 
made about in. smaller diameter than the pipe. When its progress was 
checked accumulations sand the pressure rose and the obstruction was 
removed. the same time the ball was not endanger the line 
completely blocking the flow. Its passage could checked the noise 
which made—in fact, dog was trained follow and bark it. 

air release valves, located summits where the pressure 
low, serve eject some the air entering the line. With cold non-corrosive 
water, and steady flow maintained under pressures greater than atmospheric, 


Mules had been used great extent the past for haulage and distribution. 
recent years, motor trucks, tractors, and trailers have effected considerable savings 
over the older methods, despite the initial expenses for road building. soft sandy por- 
tions the desert, caterpillar trailers have been used good advantage. 
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deterioration long-distance water main will slow. With corrosive 
water, may well install works for the water rendering 
non-corrosive the source. 

Some protective coatings appear sufficiently substantial safeguard 
line against corrosion. However, until coating found combining low cost 
with durability will probably more economical take measures 
exclude free oxygen from pipe lines. 

The type joint another matter which important. Too frequently 
the common screw coupling provides most favorable conditions for storing 
air, with consequent chemical injury. 


Many the villages are supplied from tank cars, the inhabitants making 
daily trips the station fill their cans. Another means distribution 
the mule with its daily rounds nitrate district villages well 
smaller pueblos. more isolated districts, one sees mules and burros carrying 
potable water, often for miles. Whereas gal. per day per inhabitant 
within cities, and half that quantity outside cities, are the quotas which 
the Chilean Government bases concessions for drinking water supplies its 
desert provinces, the actual use water generally less. This due the 
extreme poverty the people. Large industrial companies have inaugurated 
the practice furnishing free water workmen and their families, well 
providing sanitary toilets and bath houses for their use. 


IRRIGATION 


potent argument for conservation water resources desert regions 
under development lies the needs agriculture. Where food scarce 
and expensive, with increments population continually being brought 
work mines and industries, all surplus water required for irrigation. 
This applies not only flows lost through seepage and useless evaporation, 
but also those that reach the sea. 

Northern Chile large water resources are still being lost wasted. 
Indian dwellers the highlands have installed irrigation canals, marvels 
ingenuity, within the canyons the upper drainages, but these produce only 
sufficient for their owners’ needs. Farming centers sections lower 
altitude cultivate alfafa quantities, but only small quantity 
Meanwhile, imported food fills the shelves every store, and that from 
Central and Southern Chile has transported about 1000 miles. 

That irrigation can produce successful crops has been demonstrated 
Chiu-Chiu, Calama, and Quillagua, within the Rio Loa Basin. Yet this river 
pours cu. ft. per sec. into the sea during the farming season. Once there 
was project—work had actually been begun, fact—to enlarge the cultivated 
area Quillagua. The plan came naught when the earthquake 1879 
destroyed some the completed canals. can only question time 
before foreign capital interested the nitrates and minerals this district 
will take the matter hand. 
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region where water scarce would thought that hydro-electric 
power possibilities would little consequence. This does not necessarily 


follow, for meager supply may balanced some extent the high head 
ost available. 
With present low prices for fuel oil, developments the hydro-electric 
resources the Loa and adjacent basins not appear attractive. Yet such 
tly potential installations, costing between $450 and $500 per h.p., require 
ing considerable rise fuel costs before they assume importance. few water- 
power plants, generating about 500 h.p. per installation, have been operation 
the lower sections the Rio Loa for some years, connection with the 
nitrate industry. 
source energy, however, the harnessing the Loa and adjacent 
waters hardly been begun. Projects the upper feeders these rivers 
are unique that they call for series power houses using the same water 
again and again. The Rio Salado and its tributaries may utilized through 
head 5000 ft. miles above its confluence with the Loa, developing 
about 8000 h.p. Discharges from springs little 0.1 cu. ft. per sec., 
when the higher elevations, represent important potential energy and 
many cases are well worth diverting the canals. 
Storage reservoirs are seldom advantageous, due the stream 
flows and the high rate evaporation. The diversion dam the intake 
the canal requires only sufficient height either meet the requirements 
diurnal variations, due freezing tributaries the upper regions, 
regulate flow below sections when irrigation carried during the daylight 
hours, the lower regions. 
contributing factor making these projects expensive the porous 
nature many the rock formations. Lined canals are necessary for the 
most part, particularly view the scarcity water. The voleanic rock 
formations the mountain region are peculiar that the hardest and most 
durable often occur the surface, that erosion has formed overhanging 
cliffs canyons, with massive fallen fragments among the talus beneath. 
asted. Needless say such conditions call for expensive construction safeguard 
only Only above elevation 12000 ft. need power-house roofs designed 
for snow load. Frost does not affect foundations carried ft. below ground. 
Some water supply pipe lines have been designed furnish energy for 
from operating power plants this region. small emergency plant, installed 
near the outlet, quite certain justify its cost, provided the pipe line not 
overstressed under the increased pressures. 
ivated Distillation ocean waters another source supply. The seaport 
1879 Tocopilla obtains its water this way, cost $0.60 (U. currency) 
time Per ton and more. With prosperous period for the Chilean nitrate industry 
consequent growth this port, pipe line from the Cordillera region 


Would seem necessary. 


rs. 
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This method out the question for the nitrate and mining centers 
these are situated elevations 3000 ft., more. drinking supply 
for large number these establishments obtained distillation 
brackish river waters. 


CoNCLUSION 


has been seen how the projecting water-works desert region 
may involve great variety problems, from the utilization snow waters 
miles above sea level the distillation waters the ocean itself. 
scant the supply the Atacama Desert Northern Chile that, with 
expansion industry, the engineer apt delving within the realms 
geology and chemistry order find ways conserving the quantity 
and quality the water available. Perhaps the discussion will bring light 
further developments under similar conditions. 
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BAFFLE-PIER EXPERIMENTS MODELS 
RIVER DAMS 


Discussion* 


Stevens,t Am. Soc. (by letter).t—In November, 1927, the 
writer conducted some experiments one-twelfth size model the 
diversion dam for the Leaburg hydro-electric development. This the 
McKenzie River the City Eugene, Ore. 


The object the experiments was ascertain (1) the effect the proposed 


apron most effective preventing scour; (3) the most satisfactory relation 
between height dams and height gates; and (4) the manner which 
the flood-gates should operated, with the apron and baffles selected 
avoid scouring the river bed. This development consists essentially 
diversion dam raise the river level ft., canal sec-ft. capacity, 
miles length, and power house where this flow utilized under ft. 
head, thereby creating 20000 

The Leaburg Diversion Dam will consist low overflow weir with 

roller type gates the crest, 100 ft. long and ft. high, supported 
piers. There are three such gates and, addition, 18-ft. sluice-gate, 
for auxiliary regulation. 
Provision made for passing 90000 sec-ft. over the dam with all gates 
open. The dam must not raise flood water more than ft. higher 
than would occur the river without it. field laboratory was constructed 
which water could drawn under control from the Walterville Canal, 
which supplies City Plant No. 

Fig. shows plan the laboratory the dam and baffles used 
for the six series experiments made. Fig. shows the setting the 


Discussion the paper Steele and Monroe, Members, Am. Soc. 
from August, 1928, Proceedings. 

Cons. Hydr. Engr. (Stevens Koon), Portland, Ore. 
Received the Secretary, June 12, 1928. 


dam would have flood heights above it; (2) the type baffles 
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model and baffles the flume. was specified that stock for Pieces 


and cut the stock sizes shown and then soaked water completely 


submerged for least ten days prior milling. After milling, the pieces 
were submerged water until used. The object was secure pieces 
accurately dimensioned when thoroughly saturated. was permitted 


use No. clear white pine, cedar, redwood, but all must the same 
stock. 


Power Canal Symmetrical about 
Center Line 


7 ‘Spaces at 
4"approx. 


34 pieces in 


ELEVATION 


34 pieces in 
x9 


Gravel Bed | 
Tail Water Flash Boards 


Floating Raft 


Brush Baffles Piece 
symmetrical about 
Center Line 


! 


34 piec 


-3-0— 


PLAN OF 
Paving LABORATORY ELEVATION 


Sacked Gravel SERIES 
58.—PLAN LABORATORY AND MODEL, LEABURG POWER DEVELOPMENT. 


Stock Size 2°x 12°x 31° Stock Size 2°x 4% 20° 


Fic. 59.—DETAILS MODEL DAM AND BAFFLES, WITH ASSEMBLY FLUME, 
LEABURG POWER DEVELOPMENT. 


Water was drawn from the wasteways the power canal into 
timber flume. was quieted above the dam brush baffles; then was 
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passed over the model dam and gravel bed, dropped into small pond, and 
thence, through another set brush baffles and over the 5-ft. rectangular 
measuring weir. 

After passing the apron with its baffles, the water flowed over bed 
composed sand and small gravel graded similarly, but sized nearly 
possible one-twelfth those the bed the prototype. How nearly 
the prototype gravel bed was imitated the model shown Fig. 60. 
The river gravel tested was composite five 100-lb. samples taken from 
the river bed the dam site. The model gravels were made from 
screened and recombined river sands and gravels. 
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Diameters Inches 
Fic. 60.—GRADING RIVER AND MODEL GRAVELS. 


shown Fig. the model dam and baffles were made lamina- 
tions blocks 2-in. lumber thoroughly soaked before milling. the 
use such laminations various combinations widths the baffles and 
the spaces between them were secured shown Fig. 61. Thirty-four 
laminations fitted the 69-in. width flume exactly. 

During tests the height tail-water was regulated stop-logs the 
end the flume, levels corresponding the elevations the water sur- 
face the river below the dam for the corresponding flows. 

The data obtained each test consisted complete water surface 
Profiles above and below the dam, and the amount scour, any, the 
gravel bed. The latter was obtained levels before and after tests, and 
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the observance gravel washed into pocket left between the gravel 
bed and the regulating stop-logs. Fig. shows the water surface profiles. 
Test numbers are shown the left end the profile lines, while the figures 
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Distance from Crest Feet 
Fic. DAM, LEABURG POWER DEVELOPMENT. 


above the line the left end are model flows, and the right end are 
corresponding prototype flows, second-feet, Table summary 
the tests. The notation used the table follows, the small letters 


Pap 


toty 


and 


are 
etters 
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signifying values for the model and the capital letters those for the pro- 
totype: 
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head crest dam, from Gauge feet. 
up-stream energy head, referred crest, feet. 
down-stream energy head, referred crest, feet. 
lost energy head, feet. 
flow per foot crest model. 
energy head, feet, for given flow dam not submerged, calcu- 
lated from average values 3.75 for Series and and for 
head crest, feet, for given flow dam not submerged. 
measured depth crest, feet. 
critical depth crest, feet, calculated from 0.098 qi. 
pressure head crest, feet, measured Gauge 
river flow, second-feet, Leaburg Dam. 
energy head lost, feet. 
head water elevation converted, feet. 
head-water elevation, feet, dam not submerged. 
elevation water over crest converted, feet. 
elevation for critical flow over crest converted, feet. 


Fig. shows various hydraulic curves pertaining the experiments, all 
referred the prototype. 

The various gauges used are shown Fig. 58, and are described 
Table 13. addition the gauges Table profile board consisting 
6-in. timber was set edge lengthwise over the center the flume. 
Distances were marked thereon stream and down stream from the crest 
the dam. were taken each foot mark, and the longitudinal 
profile the water surface was determined measuring, with level rod, 
the distances the water surface from the top edge the profile board. 

the experiments made, five series were with open that is, 
square-faced piers with spaces between them, and one series with solid 
weir the full width the apron. 

examination the profiles (Fig. 61) will show that all where 
the open baffles were used the hydraulic jump occurs well the apron. 
For low flows occurs just over the baffles. the flow was 
tended move down stream, but remained the apron. 

The solid baffle Series invariably produced double jump; the 
second occurred over the gravel bed, and was attended with more less 
The advantage open baffles controlling the position the jump 


and preventing scour apparent, permits the use much shorter 
apron. 
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This obliterated the jump and 
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for Test No. 17. 
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The arrangement laminations used produce various widths baffles 
and openings had effect that could detected. This expected 
since the retarding force practically the same long the aggregate 
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baffle and opening remains the same. For convenience con- 


struction, ft. width, with openings like width between them, 
were adopted. 


* Tests 15,16a 
produced a smoot 
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The upward slope the openings between the baffles was all 
except Series which slope was used. difference could 
detected; hence, slope was adopted for ease construction. 


TABLE 13.—List 


Gauge. Kind. Location and remarks. 


Hook stilling well, with inlet 4.0 ft. stream from crest dam left side 
flume. Used determine height head-water. 
Staff stilling well, with inlet down stream from crest, left side flume. 
Used determine height tail-water. 
Staff stilling well, with inlet 3.7 ft. down stream from crest left side. Used 
for tail-water height apron. Installed after Run No. 17. 
Staff Piezometer connection right side, 4.0 ft. stream from crest. Used 
check Gauge Installed after Run No. 24. 
Staff Piezometer connection right side flume center line crest dam. 
Used determine pressure head crest. Installed after Run No. 24. 
Staff Piezometer connection 1.4 ft. down stream, right side flume and just 
above face dam. Used determine pressureson Installed 
after Run No. 24. 


Staff Piezometer connection 4.5 ft. down stream from crest, right side flume 
just over gravel bed. Used indicate pressures just below apron. 
Hook stilling well pond, ft. stream from rectangular weir. Used 


determine head the weir. 


Fig. shows cross-section the dam and plan the 
finally adopted for construction. will observed from Series and 
Fig. 61, that submergence the dam begins with 15000 sec-ft., but that 
the effect submergence not felt above the dam until flow 40000 
sec-ft. reached. This shown Fig. (B) for crest elevation 727.5. 

The fall the water surface and also the energy head lost water 
passes the dam are shown Fig. the maximum flow 
sec-ft. the head lost only 1.5 ft.; for the more frequent flood 
40000 sec-ft., the drop water surface 3.1 ft.; and the energy head 
lost 2.6 ft. 

Some interesting data were secured the cavitation effect water 
passed the crest the dam. Gauge was piezometer gauge the side 
the flume line with the center line the crest the dam shown 
Series and Fig. 61. therefore registered the pressure head the 
water this point. The profile readings gave the actual depth the crest. 
The difference the reduced pressure cavitation effect produced the 
change direction water passed the crest. These data are shown 
(D) Fig. 61. The difference amounted ft. for the higher flows. 

The increased pressure the down-stream face the dam was similarly 
obtained the profiles and piezometer, Gauge This increase pressure 
shown Fig. 62. 

During tests with flows corresponding 40000 sec-ft., more, lead 
pencil, placed beneath the nappe the face the dam, would play 
and down the face. some instances its range travel would almost 
over the entire face from near the crest almost the There was 
undoubtedly oscillation the vacuum near the crest and the increase 
pressure the face, that accounted for this phenomenon. could not 
due eddy motion between the baffles and the face, for that case the 
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pencil would have risen into the nappe. Instead remained the face 
sliding and rolling along it. 
Water Line 
sed 
, as River Bed Gravel 
that 
Fic. SECTION THROUGH SPILLWAY, LEABURG DAM. 
During extreme floods the river gravels will rolled along the bed 
flood whether not there dam. scour can prevented the immediate 
head toe the dam, the best that can hoped. The experiments showed 
that with either type used, scour accompanied the formation 
wave beyond the apron, and that scour occurred immediately 
side below the apron. With large flow and the tail-water held considerably 
lower than will actually occur, the water passed over the baffles clear and 
the smooth they were not there. standing wave formed considerable 
distance below the apron, that scooped broad depression the gravel bed. 
the practice, such condition can only occur one large gate were wide 
hown during flood. Considerable experimenting was done with various 
gate openings and result the plan will adopted opening the three 
together, maintain the desired head above the dam during 
ssure this plan had not been adopted, would have been necessary 
inerease the height the more nearly conformity with those used 
the Pit River dams. 
writer believes the type open baffle used the Leaburg Dam 
more effective maintaining hydraulic jump the apron than 
was the sharp-nosed deflectors and piers used for the Pit River 
ase and that either type far superior solid weir. 
The authors did not try the type described herein, but the writer trusts 
the any future experiments will include the Leaburg type. 
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THE SCIENCE FOUNDATIONS—ITS PRESENT 
AND FUTURE 


Discussion* 


unique that discusses clay and other soils the same terms have 
been used the discussion other materials construction. While many 
experimental data have been compiled concerning the bearing power soils, 
ordinarily has not occurred the engineer dealing with these widely used 
materials investigate such properties tensile strength, elasticity, and 
especially strength shear, although the author shows that all these prop- 
erties are vital importance least some types soils. The writer was 
particularly interested the discussion the relation area the sup- 
porting power soils,§ having noticed the apparent inconsistent behavior 
weak soils under loads uniform weight per square foot, but varying mate- 
tially area covered. 

The following discussion will limited muck soils, overlying soft clay, 


the type soils commonly found the “prairie” areas the lower delta 
the Mississippi River. 


number years ago, became necessary place fuel-oil tank con- 
pumping plant reclamation project near New Orleans, La. 
The soil, the type described, had been drained only partly and under test 
500 Ib. per sq. ft. spread foundation was designed limit 
the load 400 Ib. per sq. ft., but before the tank was quite three-quarters full, 

began settle unevenly and undesirable degree. shoring 
brought the tank vertical position, occasional re-adjustment the 


Discussion the paper Charles Terzaghi, Am. Soc. E., continued from 
August, 1928, Proceedings. 


Engr., New Orleans, La. 
Received the Secretary, June 13, 1928. 
Proceedings, Am. Soc. E., November, 1927, Papers and Discussions, 2265. 
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shores being necessary keep plumb. After about six months 
drainage, and compacting the superimposed load, the soil was capable 


supporting the full load 400 lb. without material additional settlement. 
The total settlement was 2.5 ft. 


similar reclamation project, experiments were made with the freshly 


drained muck soil determine loads which might used the construction 


light buildings for housing limit 250 lb. was adopted 


results indicated that this was about correct. General settlement was expected 
result the drainage and shrinkage the muck, but this was fairly 


uniform and did not cause any serious complications except connection with 


one two buildings which were provided with brick flues. These were 
ried short posts (old pile-heads) which rested thin local stratum 
sand only about ft. below the surface. The considerable separation grade 


the living-room floor and the fireplace has resulted novel architectural 


effect. recent conversation the Superintendent (who has been charge 
since the work started 1917) advised that now using load 500 


per sq. ft. for small footings, but for large footings, has found 


adopt considerably lower load limit. 


the construction levees similar foundations, the expedient driv- 
ing sheet-piles prevent lateral movement “bulging” the muck has been 
adopted local practice although has been found that this necessary 


extreme cases, Just good results usually can secured, and much 


less cost, constructing the levee multiple layers and adopting design 
that will tend increase the resistance the soil horizontal 
Fig. illustrates the section and the method which the writer has used suc- 


cessfully the construction levees exceptionally soft muck lands. The 


levee section was controlled the limit reach available dredging 


ment, seldom practicable secure dredge this section with reach 
from the side the hull excess ft. the use longer boom dredges, 
such were advocated the writer number years ago,* material 
increase height levees such soils should possible. special type 
dredge, which has been use California for many years, well adapted 
levee building soft soils under other conditions requiring 
tionally long reach. Following are the principal dimensions this dredge: 
Width hull, ft.; length hull, 140 ft.; maximum reach from side hull, 
180 ft.; and nominal capacity bucket, cu. yd. 

Repeated experiments have shown that both the spread base and the 
struction levees multiple operations have beneficial effect increasing 
the stability muck and soft clay soils. With regard the spread base, the 
gradually increasing weight, from toe levee toward the crown, apparently 
compresses the muck the zones subjected only partial loading and rer 
ders more resistant lateral movement. The gradual application the 
load multiple layers permits the excess water expelled from the sub- 
soils and increases their supporting power. 


Selection and Operation Engineering Record, December 16, 23, and 
30, 1916. 
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the lands referred to, there great variation the weight mate- 
rials entering into levees, due different proportions muck top-soil and 
clay subsoil. There also wide range weight the muck soils, some 
containing considerably larger proportion silt than others. would 


expected, the muck soils dry out rapidly after being placed embankments, 


above water level, but the “sharkey” clay gives off its water content very 
slowly. Excavations into clay levees more than two years old have shown 
condition points ft. above soil-water level. 


Operation No. One 


Three 


Levee finished to final section 
hand, teams and scrapers 
oF power equipment 


Dredge Borrow Pit 


Original Surface 


While concentrated loads, such those embankments, may result 
failure the lower strata horizontal movement, fills, over large areas, 
may constructed considerable height muck soils, with danger 
settlement beyond that caused the squeezing out some thé water. The 
writer has had make many hydraulic fills over soft muck lands, 
the added material frequently being clay sand, but has never experienced 
from excessive subsidence such cases, provided the fills extended 
hard ground were tapered off gradually the edges, thus securing the 
gradual loading mentioned the foregoing being desirable for levee con- 
struction similar soils. 

Most engineers who have had experience the construction railroad 
embankments across river bottoms have known localities where embank- 
ments ft. height could built without complications, but where 
fill ft. height would subside (sometimes suddenly). This sub- 
sidence usually would accompanied upheaval the natural surface, 
ft. beyond the toe the slope. Two such phenomena occurred dur- 
ing the construction the Illinois Central Railroad from Fort Dodge, Iowa, 
Omaha, Nebr., 1900, one point about ten miles north Council 
Bluffs, and the other the South Omaha cut-off line, near the bluffs 
East Omaha. the latter case service the near-by tracks the Mis- 
souri Railroad was interrupted the upheaval. 
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Discussion* 


Several important changes and improvements have been made the 
Bureau Reclamation its methods analyzing arch dams since this 
paper was prepared. These modifications are too elaborate adequately 
explained brief discussion. However, seems advisable this time 
state briefly the nature the changes that have been made and discuss 
their effect the analysis the Gibson Dam now being built the Sun 
River Project Montana, this being one the dams mentioned the 
authors. 

the original analysis the Gibson Dam the sides the cantilevers 
were assumed parallel; the temperature curve shown Fig. which 
was based incomplete study limited experimental data, was used 
basis for temperature stresses the arches; the effect shear 
the arches was neglected; the foundation and abutment rock was assumed 
rigid; and arch action was assumed take place until the increasing 
water load had reduced the up-stream deflections the cantilevers zero. 
the revised calculations, the sides the cantilevers were taken radial; 
temperature curve, based careful study many actual measure- 
ments concrete temperature variations, was used basis for 
temperature stresses the arches; the effect shear the arches was con- 
sidered; the foundation and abutment deformations were taken into account 
both and arch elements; and transmission load the abut- 


ments arch action was assumed begin soon the reservoir begins 
fill. 


Discussion the paper Howell, Am. Soc. E., and the late 
Jaquith, Esq., continued from August, 1928, Proceedings. 


Designing Engr., Denver Office, Reclamation Service, Denver, Colo. 

Research Engr., Bureau Reclamation, Denver, Colo. 

Received the Secretary, June 30, 1928. 
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Thus far, the writers have not taken into account the saturation concrete 
near the up-stream face the dam, flow concrete, effect Poisson’s ratio, 


transmission load tangential shear between arches, effect vertical shear 


between cantilevers, effect variations the modulus elasticity, the dis- 
tribution stress due twisting the horizontal and vertical elements, 
some the effects introduced through foundation and abutment deforma- 
tions, the errors introduced through the assumption linear stress 
distribution. However, all these conditions are being investigated, and the 
writers hope, eventually, able estimate the magnitude some their 


effects regards the stresses within the structure and its safety against failure 


through any cause. 

The fact that the sides the cantilever should taken radial vertical 
planes instead parallel vertical planes was recognized the time the orig- 
inal analysis the Gibson Dam was made. While was realized that proper 
allowance for this condition would tend increase the bending the canti- 
levers under given loads, thus tending increase the stresses the down- 


stream face the dam, was not believed that the effect the correction 


would important was later found be, especially regards bending 
where the cantilevers are already cracked. course, the increased bending 
and accompanying increased stress under given load not the final effect 
the analysis the structure. The arches must bend over meet the 
increased deflections the cantilevers, and order they will carry 
some the load formerly allotted the cantilevers. Consequently, the net 
result considering the cantilever sides radial instead parallel 
new load distribution with slightly increased deflections and stresses. 

Fig. shows the increase down-stream deflection the crown cantilever 
the Gibson Dam, also the increase tension area, caused considering 
the sides the cantilever radial instead parallel, the load being the same 
each calculation. will noticed that, while the proportionate increase 
total tension area not great might expected, the decrease width 
uncracked base and the increase down-stream deflection the cantilever, 
resulting from the corrected method calculation, are both important. The 
latter seen practically double the original deflection all elevations. 

Fig. compares the original temperature curve Fig. with the revised 
curve used the latest analysis the Gibson Dam. determining the 
revised curve the variations water temperature different depths the 
reservoir were taken into account, well the maximum and minimum 
temperatures the down-stream face the dam. will noticed that the 
new curve higher than the old all points. Consequently, its use tends 
give higher temperature stresses. Since the curve gives the total annual 
range concrete temperatures, only one-half the values shown need used 
calculating arch stresses, being assumed that the contraction joints will 
grouted, closing plugs poured, when the concrete temperatures are equal 
to, less than, the mean annual temperature the dam. Since the 
sion accompanying rise temperature works against the water load, only 
the contraction accompanying the decrease temperature need considered. 
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The new curve was not extended farther the left the diagram since ft. 
the minimum thickness the Gibson Dam. 
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Fic. 48.—CHANGES TENSION AREA AND DEFLECTION CROWN CANTILEVER GIBSON 
CAUSED CONSIDERING RADIAL SIDES CANTILEVER. 
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The effect considering shear the arch calculations was found 
practically negligible the case long thin arches, but increase the 


ratio increased, becoming very important the case comparatively 
r 


short, thick arches. For some the thick arches analyzed, the deflections 
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caused shear were found equal exceed those produced thrust and 
moment. positive and negative moments were found decreased 
numerically all points; the thrust was materially all points; 
the line thrust was found follow more closely the center line the arch, 
reducing the eccentricity greatly both crown and haunch; and the resultant 
compressive stresses were not changed greatly while the tensile stresses were 
decreased appreciably. Fig. illustrates these effects calculated for com- 
paratively short, thick, symmetrical arch, under uniform load, investigated 


connection with the design another dam. 
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Fic. 50.—EFFECT CONSIDERING SHEAR ANALYZING ARCH ACTION. 


Consideration the shear effect analyzing symmetrical arch the 
methods outlined Table 5,* requires the inclusion columns for the fol- 
lowing quantities, the notation being the same that Table 


the shear due external loads. 


sin the shear component the crown thrust. 


V 


The inclusion effect abutment and foundation deformation the 
cantilever and arch calculations was based the formulas developed 
Dr. Fredrik For the longer, thinner arches near the top the dam, 
the inclusion the abutment deformation effect did not result material 
changes. When such arches were analyzed under the same water load the 
deflections were increased slightly, but the moments, thrusts, eccentricities, 


Proceedings, Am. Soc. E., January, 1928, Papers and Discussions, 88, seq. 
Transactions, Am: Soc. E., Vol. (June, 1927), 554. 
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and stresses were not appreciably altered. However, regards comparatively 
short, thick arches the effects were important. For such arches the inclusion 
the abutment deformation effect increased the positive moments, decreased 
the negative moments, decreased the thrust, increased both compressive and 
tensile stresses the crown, decreased both compressive and tensile stresses 
the abutment, increased the eccentricity the line thrust, and prac- 
tically doubled the deflections. Fig. shows the results analysis one 
the heavier arches the 405-ft. Owyhee Dam now being built the 
Owyhee Irrigation Project Eastern Oregon, direct comparisons being 
available for the arches the Gibson Dam. 
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Fic. 51.—EFFECT OF CONSIDERING ABUTMENT DEFORMATION IN ANALYZING ARCH ACTION. 
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the analysis cantilevers under the same loads consideration founda- 
tion deformations resulted increased bending, but did not alter the stresses. 
Consideration foundation movements introduced initial shear deflec- 
tion the base, initial twisting the base, and resulted increased 
deflections throughout the height the dam. Fig. illustrates these effects 
the crown cantilever the Gibson Dam when analyzed under the final load 
conditions. 

course, the effects shown Figs. and not represent the final 
result considering foundation and abutment deformations. The final effect 
new load distribution between arch and cantilever elements and altered 
stress distribution. The investigations made the Bureau Reclama- 
tion thus far not show whether the maximum cantilever and arch stresses 
will always changed the same direction the inclusion such con- 
siderations, whether they will changed location, increased some 
places and decreased others. great many uncertainties are involved 
the consideration foundation and abutment movements, such the value 


lam, 
the 
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the modulus elasticity for the rock formations. the case the metho 
Gibson Dam the modulus elasticity for the limestone foundation and abut- latter 
ments was assumed the same for the concrete which, the basis 
laboratory tests, was taken per sq. in. Dr. Vogt stated 
the previously mentioned discussion, “no this kind may claim latter, 
more than rough approximation”. loads 
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Assuming arch action begin soon the reservoir begins fill simply 
means that the arch deflections are measured from the up-stream canti- 


lever deflections which occur when the reservoir empty, instead from 
vertical axis was done the original Since the contraction Fig 
joints are thoroughly grouted during the late winter, after the setting cale 
heat has been dissipated, the assumption made the final analysis believed the 
more nearly correct than the one originally made. number elec- 
trical resistance thermometers are being installed the Gibson Dam that 
definite knowledge internal temperatures will available the time the in., 
joints are grouted. Elevati 
Figs. and compare the results obtained the revised methods 
analysis with those obtained the original methods. Fig. shows the differ- 
ences tension areas and maximum cantilever stresses the crown canti- 
lever, while Fig. shows the differences load distribution and deflections 


noticed that for the crown cantilever the final result all the revisions 
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methods was slight reduction tension area and maximum stresses, the 
being reduced stresses parallel the down-stream face Cain’s 
both cases. Reference Fig. shows that the deflection and load 
curves were not altered appreciably, except the case the 
latter, the lower elevations the more central cantilevers where appreciable 


loads were transferred from the cantilever elements the arch elements. 
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Fig. shows the maximum cantilever and arch stresses the Gibson Dam 
tting the revised methods analysis. Similar data are available 
ieved the original investigations, but the stresses are cases greatly different 


‘rom the final results. The several revisions introduced since the first analysis 
made, decreased the maximum cantilever stress from 620 605 lb. per 
but did not change its original location which had been found 
4560 the down-stream face the dam, shown Fig. 53. 
increased the maximum arch stress from 309 364 per sq. in. and 
its location from the extrados Elevation 4675 the crown the 
Elevation the crown. Maximum arch stresses the lower 
were increased greater proportional amounts, due the change 
load distribution, but the final stresses were lower than Elevation 650, 
shown Fig. 55. 
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The results the revised analysis the Gibson Dam were very gratifying. 
They showed that the section originally designed satisfactory and that the 
maximum stresses expected will well within the limits safety. 
The fact that the revised analysis did not show results greatly different 
from the original analysis does not mean that the modifications were not 
worth while. simply means that, the case the Gibson Dam, the effects 
the various changes tended compensate, that the resultant effect was 
not serious magnitude. For dams different cross-section, canyons 
different shape, the final result such changes might not satisfactory. 
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The use the trial-load method analysis not laborious might 
first supposed, especially after one becomes familiar with the action arch 
dams and the changes arch and cantilever deflections expected from 
certain changes load application. course, the use calculating 
machine indispensable investigation. The computation unit 
load deflections for the arches results considerable saving time since the 
for proportional loads, combinations loads, can then 
obtained relatively simple calculations. Similar methods can used 
the analysis the cantilever elements the tensile stresses are small can 
assumed act. The writers have been able introduce enough short-cuts 
methods calculation that experienced engineer, spite the many 
additional considerations which have been introduced, can make reasonably 
satisfactory analysis symmetrical dam within three weeks. 

The use the trial-load method analysis believed advisable 
the case any important dam. For the smaller dams symmetrical sites, 
where the profiles across the canyon contain decided irregularities, the use 
Professor Cain’s formulas probably sufficient. The writers have found 
his formulas very satisfactory determining the proper dimensions such 
structures. They have also found them very useful getting start the 
trial-load method. Their use the case the Gibson Dam might have been 
sufficient inasmuch the load distribution curves show that the loads carried 
the arches were nearly uniform, although there would have been some 
uncertainties involved the application the formulas because the fact 
that the arches are not constant thickness. However, considering the limits 
knowledge arch dams the present time (particularly regards the 
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action the parts the dam that are subjected tensile stresses), 
believed that any important dam, such the Gibson Dam, should carefully 
investigated the trial-load method, even though may located 
symmetrical site containing pronounced irregularities profile. the 
future, after large number dams have been analyzed the trial-load 
method, designers may able predict, from the shape the canyon and 


the smoothness the profile, whether not analysis such method 
necessary. 


Frep Am. Soc. (by effort has been 
spent during recent years evolve analysis arch dams which should 
accord, nearly practicable, with the theoretical principles used the 
design other types concrete structures. 

The authors base their method the generally accepted assumption that 
arch dam composed system horizontal arches and vertical can- 
tilevers. The partial loads carried the individual elements are then deter- 
mined successive trials until the deflections the two systems are equal. 
The principal advance represented this paper the number vertical 
sections considered, and the development practical methods for the required 
computations. 

The fact that this method analysis originated the offices the 
Bureau Reclamation and has been used the design several large arch 
dams, notably the Horse Mesa, Gibson, and Owyhee Dams, should give 
much weight. 

certain respects, the same principles were used the design the 
Jogne Arch Switzerland, although the required load distribution 
was determined different method. For that dam there were investigated 
nine vertical cantilevers and four horizontal arch elements. The partial loads 
carried each element were evaluated mathematical process that 
the the arch and cantilever elements were identical corre- 
sponding points intersection the two systems. The tension stresses 
the Jogne Dam were limited lb. per sq. in. kg. per sq. how- 
ever, and secondary arches were not considered. 

detailed application the method utilizes assumptions which 
mark radical departure from the principles ordinarily used the design 
concrete structures general, and dams particular. For instance, the 
authors frankly assume that high tension stresses and numerous cracks are 
likely occur arch dams under load. their method analysis the 
parts the arch and cantilever sections presumably cracked tension are 
neglected, and the final analysis stresses made considering the reduced 
sections, that is, those compression, only. 

When, 1920,§ the writer suggested that arch dams designed according 
the cylinder formula were likely develop cracks both horizontal and 


Hydr. Engr., Los Angeles, Calif. 
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Stucky, des Barrages Bulletin Technique Suisse Romande, 
Lausanne, 1922. 
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vertical planes, criticism arose. source satisfaction the writer 


that his conclusions, then stated, have since been substantially vindicated 


tests. 
There some uncertainty regarding the depth the open cracks assumed 
the authors and the corresponding forces acting the cracks due the 


hydrostatic pressure the water the reservoir. Evidently, the cracks 


the air side the dam are not subject such pressure. 
After crack has developed the concrete, the adjacent parts, formerly 


stressed tension, will immediately relieved stress the formation 
the crack. There reason for additional cracks forming the imme- 


diate vicinity the first one, and the thickness, area, and moment inertia 
the primary and secondary arches are substantially the same, except, 
course, the immediate vicinity the cracks. 

Thus, arch dam subjected load there may excessive tension 
stresses both abutments the extrados and the crown the 
producing cracks all three points. the immediate vicinity the cracks, 


areas that were plane before bending evidently are longer bend- 


ing the arch. other words, deformations equivalent slight rotation 


are taking place near the cracks. This has effect similar that 
hinges, and the “hingeless” primary arch with cracks both 
abutments and the crown, therefore, will converted into structural ele- 


ment resembling three-hinged arch. 


Secondary arching may occur structures before cracks have occurred, 


accordance with Castigliano’s law “least work”. This observed frequently 
tunnel excavations. some such cases, material has been removed the 
surface the theoretical secondary arch without impairing the strength 
the structure. 

has been thoroughly demonstrated that the older and simpler methods 
designing thick arch dams were best only roughly approximate and fre- 
quently erroneous. The need refinements design was evident, and has led 
many studies and much progress the art. The advances theory, 
ever, have also served emphasize the inherent uncertainties involved 
the assumptions which the theory must applied. other words, the more 


designers are able visualize the mechanics the thick arch dam, the 


more they appreciate its complexity and the practical limitations its 
rate stress analysis. view these multiplying difficulties, say nothing 
other aspects the matter, perhaps indicated that future efforts should 
directed toward alterations the type structure, such would elim 


inate, part least, possible, some the uncertainties which are inherent 
in, and somewhat peculiar to, the thick arch dam. other words, too great 
complexity structural action may reasonably suggest the desirability 
change the design the direction simplicity. 

effort this direction, with gratifying success, was made the 
the design the Railroad Canyon Arch Dam, California, built 


1927-28. The dam approximately 100 ft. high. the variable radius 
arch type and has up-stream slope the arch crown Insteal 
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designing the dam the ordinary arch principle, then assuming cracks 
the concrete, and neglecting the concrete cracked tension, the 
authors’ method, the writer shaped the arches, constructed, directly along 
the outline the “secondary” arches, thereby eliminating tension, least 
any appreciable amount, together with the numerous attendant uncertain- 
ties. Incidentally, this design saved the concrete which, under the assump- 
tion either “reduced” “secondary” arches portions thick arches, 


would have been placed the structure without any considerable increase 
its strength. 
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INLETS SANDY COASTS 


Discussion* 


Jun. Am. Soc. (by letter).t—In connection 
with this paper, interesting compare the American methods 
handling such problems with those European, and especially German, 
hydraulic engineers. addition theoretical and practical considerations 
and field observations the latter use model studies the basis for the design 
new river and harbor works. 

During the summer 1927, the writer had the opportunity visiting 
the laboratory Wilhelmshaven, maintained the German Navy for 
studying problems arising connection with the German harbors. that 
time, experiments were being made model (constructed scale 
1:250), the approach Bremen the vicinity Wangeroog Light. The 
model occupied area 100 ft., and was built sand and surfaced 
with neat cement. The currents the prototype result principally from the 
tides, and the purpose the studies was discover method using these 
tidal currents cut and maintain deeper channel the sandy bottom. 
attempt was made determine, quantitatively, the erosion the model 
but, instead, the velocities the model were carefully found and used, 
combination with data erosive velocities, compare the effectiveness 
the various designs proposed. The tides the model were produced 
means cam operated clockwork which controlled its supply and 
discharge. The waves were propagated means special apparatus. After 
the model was built, the first problem was regulate the currents that 
they corresponded those which had been previously observed the proto- 


type means floats. After the water quantities and points inlet and 
Discussion the paper Earl Brown, Am. Soc. E., continued from August, 
1928, Proceedings. 
Univ. California, Berkeley, Calif. 
Received the Secretary, June 25, 1928. 
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discharge had been adjusted give these conditions, the various pro- 
posals for improving the channel were built the proper scale and their 
action was observed. The bottom velocities were studied means potas- 
sium permanganate crystals, and the surface velocities were measured 
means floats used connection with co-ordinate system fine wires 
extending over the whole model. The observations were made from travel- 
ing platform. the time the writer’s visit, satisfactory arrangement 
had been found and construction was start immediately. 

This laboratory, established 1907, has performed sufficiently important 
services the construction the Harbors Helgoland, Bremen, Bremer- 
haven, and Wilhelmshaven warrant the construction new laboratory 
1919, spite the financial depression Germany following the 
World War. 

Although the study such problems the formation, maintenance, and 
migration inlets, means models, probably would require rather large and 
expensive equipment, some the problems mentioned the paper, such the 
laws governing the flow through single inlet between tidal sea and inland 
basin, could studied the laboratories already built some American 
universities. Such model experiments not only would aid practicing engi- 
neers, but also would serve give the engineering students that judgment 
which such important part hydraulic design. Most hydraulic text- 
books treat the subject certain manner that the average engineering 
student leaves the university without even suspecting the great uncertainty 
and complexity involved such apparently simple phenomenon the flow 
water. The usual laboratory work American engineering schools does 
not give clear view this difficulty would obtained from experi- 
ments models, which slight changes construction very often bring 
about relatively great variations the manner flow. The defeat the 
bill providing National Hydraulic Laboratory precludes, least for the 
present, the aid such institution the solution the larger river and 
harbor problems the United States, but the establishment smaller 
laboratories for such studies the engineering schools would help solve 
many problems, especially those connected with water power and irrigation. 
would also raise the general level hydraulic knowledge sending out 
graduates equipped with sounder basis judgment. 

Dent, Am. Soo. E.* (by subject this 
paper such importance and has been treated such thorough manner 
that discussion must, almost necessity, few selected 
details. 

his and the author calls attention the 
importance the effect inlets beach stability, and expresses the opinion 
that permanent stone jetties are considered the most reliable means for 
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The use the automobile, the extensions the highway systems, and 
the ability the average citizen spend more and more time satisfying 
his recreational instincts, have increased the number visitors the 
beaches until the figures are truly astounding. Moreover, there reason 
believe that future figures will make present ones look pitifully small. 
argument the necessity for improvement and stabilization the beaches 
necessary. 

Effect Inlets Beach Fig. 11(a) the writer has 
attempted show his conception the principal sand movements the 
vicinity normal, unimproved inlet. 


South Beach 


North Beach 


Old High Water, 
=< G it. 


Direction Sand Movement 
(b) IMPROVED INLET 


Fic. 11.—-SAND MOVEMENTS AT AN INLET. 


Under the influence wave action, sand particles are carried along the 
Windward beach toward the inlet with occasional particles being deposited 
deep water the higher parts the beach. The shore line whole 
receding, due the movement sand deep water. From the sand 
dunes the lower limit wave action the beach material subject 
constant re-arrangement profile. any particular point the inevitable 
and continuous loss beach material may temporarily masked 
re-arrangement the shore sands such manner increase the 
acreage the dry land.* 


*“The Sandy Beaches the Vicinity New York City,” Transactions, 
Am. Soc. E., Vol. LXXX (1916), 1786. 
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the vicinity inlet another major force comes into action and 
the hydraulic currents carry large quantities sand the inner delta 
during flood-tide periods and deep water off the outer bar during ebb-tide 
hours. shifting the inlet and re-arrangement the material natural 
artificial methods may eventually result the utilization the delta 
deposit, but the transfer sand from the open beach the delta represents 
present loss considerable magnitude, and future small gain can only 
partly offset such loss. Sand moved deep water during ebb tide per- 
manently lost. 

Some sand may follow zigzag course and eventually pass the and 
become part the leeward beach. change the direction the wind 
would cause the sand travel from left right (Fig. 11(a)) instead the 
direction shown. The diagram has been prepared indicate preponderance 
beach drifting the direction shown the arrows. 

Under natural conditions the inlet shown would ordinarily migrate slowly 
the left. The windward beach would extended lengthwise and, with 
ample supply beach-drifting material, might advance oceanward. The 
leeward beach would ordinarily suffer loss width well length. 
The erosion the leeward beach often referred resulting from the 
construction jetties may, reality, have been going before such con- 
struction was started. 

the position the inlet stabilized the construction fixed dikes 
prolongation the beach line, the outer bar and the inner delta, the 
writer’s opinion, will increase size until the closure the inlet effected. 

Improvement Inlets Jetties—In Fig. 11(b) the improvement 
inlet means jetties has been indicated, together with the resulting 
effect beach-drifting sand. assumed that the preponderating move- 
ment sand from north south, but that occasional reversals will result 
lesser movement the reverse direction. jetties are the con- 
verging type, and discussion this feature justified the comparatively 
small use made this system. 

The purpose the improvement maintain channel, the hydraulic 
which properly proportioned the size and utilization the 
lagoon and the form, such make available for navigation. 

the littorally drifting sand can excluded from the inlet the con- 
struction jetties the problem channel dimensions will greatly 
fied. The velocities should kept below the scouring limit and, this con- 
nection, should remembered that the beds such channels become 
seasoned and more and more resistant erosion the years roll by. 
velocity that would result heavy scour for years may quite 
conservative for channel that has become seasoned. For the first few 
years, scour may permitted, the maintenance charges being comparatively 
heavy. The original channel may secured dredging quiet water 
after the jetties have been built. 

connection with scour also well remember that Nature’s usual 
process restore equilibrium the excavation deep pockets and the 
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construction intermediate bars. scouring velocity does not necessarily 
result enlargement the capacity the channel, often 
increases the roughness factor until the capacity actually reduced. During 
the process re-adjustment the bed also seasoned resist the new velocities 
whatever they may be. 

With parallel jetties the dimensions the channel are quite rigidly fixed 
the first instance, whereas with converging jetties changes can effected 
small expense the necessity arises. 

With converging jetties wave expands soon passes the entrance 
and flattens out become harmless. With parallel jetties the waves 
run through the channel for, considerable distances before their force dis- 
sipated. 

Regardless whether the jetties are converging parallel they should 
extend depth which the effect wave action the movement sand 
small moment. the ocean bed slopes steeply may necessary carry 
the jetties depth ft., more. If, the other hand, the offshore 
slope gentle and the 10-ft. depth low water 1500 2000 ft. from 
shore, the force the storm waves will dissipated the several lines 
breakers, and the littoral movement sand may controlled jetties 
extending comparatively shallow depth. 

Even comparatively shallow channel will meet the needs hydraulic 
capacity and navigation, the jetties must extended far enough eliminate 
largely the littoral drift sand into the channel. After the jetties are 
built the under-water contours will advance seaward, one side, least, 
and extension the jetties may eventually required. The depth 
channel required for navigation must also considered connection with 
the minimum length the jetty. 

When the littoral drift largely one direction the construction 
jetties will result accumulation beach sand and the extension 
the beach area the side from which the drift comes (see Fig. 11(b)). The 
impounding sand this manner not unqualified benefit, but this 
position does less harm than would otherwise result from its deposit 
outer bar and inner delta. Complete stabilization the beach lines each 
side inlet does not seem practicable. 

the leeward side the inlet the effect jetty construction often 
over-estimated. Under natural conditions such beach receives little material 
from the windward side and the leeward beach ordinarily washing away 
before any jetties are built. The fact, often noted, that leeward beach 
has been eroded subsequent the construction jetties, does not necessarily 
prove that the jetties were the cause such erosion. 

Closure Unnecessary author has called attention the 
fact that beaches the vicinity inlets are normally unstable while those 
far away from inlets are ordinarily quite stable; that the volume littorally 
drifting sand independent the size the inlet; that large volume 
large inlet can better cope with this drift than the lesser flow 

small inlet; that there are many minor inlets breaking the continuity the 
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beaches but they are useless for navigation and small value feeders 
circulating water the lagoons; and that, certain localities, several lagoons 
each which now connected the ocean minor inlet might the for 
interconnected and served single larger inlet. 
would seem that logical development beach lines might include the acting 
closure many inlets now open and concentration energies the that 
improvement those selected for retention. This treatment particularly The 
applicable localities where intensive use justifies large expenditures 
order secure large returns. under 
paper, the writer has thought disagreeifig with any the author’s The 
observations conclusions, but hopes that may add some trifling detail 
that Colonel Brown has omitted disregarded. begin the beginning rushes 
most the phenomena alluded the author, namely, beach erosion, con- toward 
sider the fundamental nature ocean waves and notice how the wave oscilla- 
tions are converted into rushing torrents the waves roll over shallowing 
water sandy beach. consid 
Fig. (a) suppose the undulating line, represent will 
the surface water disturbed waves. Consider particle water, the 
somewhere under the sloping side the wave, W,. will noticed that the absorb 
pressure, urging this particle toward the crest W,, due its depth, d,, 
below the surface, less than the pressure, P,, due the depth, d,, urging the 
toward the trough, Furthermore, will noticed that the difference slopes 
between these pressures will constant for any particle the plane, A-A, hor 
regardless the depth the particle below the,surface the water. vibrat 
justify the second observation, however, necessary assume further that pendu 
the condition illustrated Fig. (a) lasts long enough set the overla 
pressures indicated. These pressures due the height the wave are trans- The 
mitted through the water below the crest probably the same speed that sound the 
transmitted through water. For limited depths, therefore, substantial the 

error will made assumed that these pressures are set instanta- 
neously under the crest the wave all the way from the surface the 

Beach Bottom Trent 

wave 

DEEP WATER LEVEL BOTTOM (b) SHALLOW WATER AND SLOPING BOTTOM comin 

particle water the plane, B-B, taken nearer the crest the wave, 

particle plane, C-C, nearer the trough (in both which cases the 

slope angle the surface the water horizontal plane less than 
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the plane, A-A), would likewise urged toward the trough, force 
somewhat less than which acted the particle, Nevertheless, 
the would constant for every particle the plane, B-B, matter 
how far that particle might below the surface; and, likewise, the force 
acting particles the plane, would constant for every particle 
that plane. 

Therefore, the pressures particles water under surface disturbed 
waves urge the particles from positions under the crests toward positions 
under the troughs, and this urge independent the depth for the limited 
depths considered this discussion. 

The result that great volume water under the crest wave, such 
opposite directions. The volume under the slope, 
rushes toward the trough, and the volume under the slope, rushes 
toward the trough, Likewise, the volume water under the slope 
rushes toward the trough, 

the bottom level, the water deep that the bottom can 
considered level, the volume water vertically under the slope, 
will have exactly equal and opposite mass and momentum the volume under 
the slope, These masses will collide and their momentum will 
absorbed building new wave crest, W,, shown the dotted line, Fig. 
(a), directly over the trough, T,. The crest, W,, will rise exactly high 
the crests, and W,. The horizontal motions the particles originally the 
slopes considered will stopped the new crest, and net resultant vertical 
horizontal motion will produced. short, this wave motion perfect 
vibration under the influence gravity, quite analogous the swing 
pendulum. natural waves this simple vibration somewhat obscured 
overlapping independent vibrations resulting irregular heights and hollows. 
The principle underlying the vibration nevertheless easily discernible. When 
the wind blowing there additional phenomenon spread over the surface 
the friction the air which drags some water with it. 

the bottom slopes toward beach and the water comparatively 
shallow that the volume water under the wave slope, T,, appre- 
less than that under the wave slope, T,, shown Fig. 12(b), 
when these moving volumes collide the mass from under the slope, will 
overcome the mass from under the slope, and there will result 
movement some water toward the beach. The new crest, W,, will rep- 
resent the impact the balanced energies, which collided and were then 
absorbed and will somewhat less than the crest, the decrease size 
wave being function related the velocity imparted the water from volume 
coming from slope, toward the beach. 

has been stated that the force acting submerged particles water, 
urging displacement from under the crests toward the troughs, was inde- 
pendent the depths the particles below the surface for the limited depths 
under consideration. resistance, however, that the particles encounter 
they try move, will increase very rapidly with the depth because 
the mass surrounding water that also has moved make 
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follows that water near the surface wave moves horizontally during 
the wave oscillation through much longer amplitude swing than particle 
near the bottom, and during the vibration the upper particles acquire greater 
velocities because the total vibration has accomplished exactly the same 
time whether the particle near the surface near the bottom. 

When wave moving over sloping bottom running beach (Fig. 
(a)), the effect the greater velocity and momentum the particles near 
the surface will make the face the waves steeper toward the beach than 
toward the open sea, and make the surface water set toward the beach with 
cumulative velocity until hydrostatic head built near the beach that 
sets return current from the beach toward the sea. The return current toward 
the sea forced flow near the bottom where the opposing tendency for the 
particles water move toward the beach, wave action, less. 


(a) FORMATION BAR EFFECT BAR 
13.—OUTLINE WAVE MOTION THE BREAK. 

the water becomes shallower the face the wave toward the beach 
becomes steeper and steeper, and the motion shoreward, the surface 
water, becomes faster and faster until the wave “breaks”. (See Point 
Fig. Then suddenly decreases its height and expends its momentum 
surface rush water toward the beach, which offset after 
hydrostatic head built strong outward return current (Point 
Fig. near the bottom. 

The combined effect this wave action and return current sandy 
beach which can easily eroded, therefore, loosen the sand and mix 
with the agitated water which then drawn off along the bottom until the 
water becomes deep enough reduce materially the velocity the outshore 
current, which point the sand carried suspension will dropped form 
bar (Point Fig. (a)), sand parallel the beach. 

soon this bar forms, the waves will break (see Fig. (b)), but 
the crash falling water will not hit the beach because the inshore surface 
the bar slopes down into deeper water that the falling wave crest will 
received other water between the bar and the shore. Thus, the destructive 
action the waves breaking the beach will stayed. 

The quick erosion beach, therefore, takes place during rising storm, 
when the waves increase height faster than the protecting bar (Point 
Fig. forms, rising tide when the depth water the protect- 
ing bar gradually increases, calling for more and more sand from the beach 
break the waves. When the wind blowing toward the shore the friction 
the air drags water with it, greatly increasing this vibratory conversion 
phenomenon. 


The opposite phenomenon offshore wind building restoring the 
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beach, described the author,* might expanded somewhat. When the 
Proceedings, Am. Soc. E., February, 1928, Papers and Discussions, 511. 


-wind blows offshore the level the ocean lowered considerably for the 
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reason stated Colonel Brown, namely, the dragging effect the wind 
the water. The outshore defensive bar thrown the recent onshore weather 
comes close the surface, fact, frequently appears above it. The waves, 
however, produce breakers (the result the conversion their momentum 
the sloping bottom) moving shoreward against the wind illustrated 
Fig. except that the wind being against the motion the surface 
water instead with it, the resulting velocity the top the wave toward 
the beach much less. The outer bar (or bars) now finds itself the region 
water moving shoreward and rapidly cut down and pushed into the trench 
the shore side the bar. The waves now run over the trench filling 
level with sand from the bar and then finish the beach heaping the sand 
smooth the normal beach slope, the angle which will depend the size 
the particles sand and the depth the offshore water. 

There perceptible undertow seaward rush water the bottom 
when the wind blows offshore, because each wave sinks through the sand after 
has run the beach, and the water returns seaward mostly underground, 
depositing the sand beach. 

Probably the same quantity water returns seaward from the beach under- 
ground whether the wind onshore offshore, but when the onshore rush 
the ocean’s surface “savage” under the lashing onshore wind, the 
underground return comparatively negligible, while the visible undertow 
above the bottom carries tons sand seaward with it. When the inshore rush 
the waves “tamed” the offshore wind, the undertow above the bottom 
not sufficient carry much sand with the incoming wave carries 
in. The underground return current nearly sufficient return the ocean 
all the water that laved the beach. 

Another tending erode beach when the wind onshore and 
restore when the wind blows offshore, the wind itself. When blows 
onshore hard enough raise the beach sand, the latter rapidly borne land- 
ward form sand dunes and fill bays and lagoons. Sometimes this 
occurs direct deposition the bays, and sometimes temporary deposition 
behind the dunes. Later, the sand washed down rains into the bays 
lagoons that usually exist more less filled condition behind the line 
sand dunes. When the wind blows offshore all the loose sand not trapped 
water the bays, nor grass the dunes, blown back help restore 
the beach. 

obvious that the net effect wind move sand from the beach 
inland more moves inward than goes back. would seem, therefore, 
that the restoration stabilization beach should involve periodical arti- 
ficial replacement from inland sources least much sand has been 
moved the wind during the period. The City New York has recently 
made two demonstrations beach restoration and stabilization colossal 
Coney Island, sand was pumped from the sea. Rockaway 
Beach, sand was pumped back seaward from Jamaica Bay. The latter method 
Would seem more the line stabilization. 


m, 
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Colonel Brown has shown,* once the crash the breakers the beach. 
has loosened the sand littoral current, set usually the angle which 
the waves struck the beach for any the other reasons enumerates, will 
cause the sand travel rapidly with the current. This beach sand motion 
under water the material which makes bays and barrier beaches and fills 
inlets. 

The derivation always the erosion the beach somewhere exposed 
the fury the breakers backed onshore wind. values beach-front 
property have increased, beach erosion has become very alarming. The filling 
inlets and channels bays always detrimental navigation. How 
cope with the situation has challenged the ingenuity engineers and beach 
wardens for long time, and yet none the defensive measures thus far 
adopted can considered entirely satisfactory. 

Undoubtedly the most effective defense against the erosion sandy 
beach the natural automatic building the offshore bar the undertow 
back-flow the waves themselves. somewhat similar defense has been 
manifested the protection afforded beach wreck grounding broad- 
side the beach. 

There patented breakwater system that aims .reduce the viciousness 
the onshore breakers pumping air one more pipe lines laid parallel 
the shore and out some distance from it. The air allowed escape 
form screen curtain bubbles, thus providing compressible cushion 
between the colliding wave masses and, that way, interrupting the trans- 
mission the wave momentum shoreward. 

Other inventors have proposed other devices partly neutralize some 
way the repetitive blows the water the beach. There much room for 
hope that some effective measures will found along this general line 
defense reduce the force the onshore waves during storm that the 
erosion will negligible. 

erosion can checked, the various forms more less expensive, and 
often unsightly, groynes and jetties which now have constructed catch 
trap beach sand prevent its free migration and down beach and into 
inlets, can simplified or, some cases, perhaps spared altogether. 

Beach erosion the source all the trouble (exclusive wind-carried 
sand). Beach erosion one place often means beach accretion somewhere 
else; and beach accretion also detrimental, for what advantage there the 
public developing beach front with expensive structures overlooking 
the water, the water line then moves seaward any great distance? 
inlets migratory sand undesirable and expensive combat. From 


every point view, therefore, the erosion beaches should checked 
can done. 


taken the solution the problem determining the relation dimensions 
inlet when such problem involves lagoon definite dimension with 
Proceedings, Am. Soc. E., February, 1928, Papers and 
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specified tidal range the ocean and the lagoon. The fund knowl- 
edge this subject far from adequate, condition largely due the 
fact that, other field engineering, there such lack con- 
tinuity the studies and observations the conditions given inlets 
where improvement has been undertaken. This study timely. Certain 
practices that have been advocated textbooks and reports for many years 
past longer apply with the force that once characterized these statements 
prior the development the modern dredge. longer 
necessary for the engineer undertaking the improvement inlet rely 


‘ont 


entirely jetties and other structures designed induce what termed 
far The subject great importance and becoming enhancingly vital 
many coastal communities. far the greater part the ocean frontage 
from Montauk Point, Long Island, southward Southern Florida com- 
rtow posed barrier beach separated from the mainland lagoon system. 
Communities have sprung these beaches, and the mainland river ports 
adjacent the beaches that are being rapidly developed, require adequate 
improvements navigable waterways that they may have ocean coastwise com- 
munication with the other parts the country. Usually, the inlet and bar 
control the available depth. inlets close, the degree salinity the 
lagoon waters affected such extent that fisheries great economic 
value the community are impaired utterly destroyed. Again, beach 
rans- and lagoon-fronting communities grow, sometimes found advisable 
pierce openings through the barrier beach order admit sufficient ocean 
some water reduce, within necessary limits, the pollution the inland water- 
for ways sewage and other wastes. 
The author very ably discusses the essential points the improvement 
the inlet, namely, the establishment proper hydraulic conditions realize 
the maximum benefit from the establishment proper hydraulic factors. 
There has been unfortunate amount loose thinking and utterance 
this very point. the author clearly indicates the function inlet 
into between the ocean and lagoon serve orifice tube connecting 
bodies water under rapidly changing heads. The ocean and the lagoon 
arried both regarded pools with the entire inlet gorge considered 
where the connecting tube orifice. Obviously, then, the effectiveness the 
the measured what may termed its weakest most con- 
gested section. 
Some attempts open shallowing inlets have failed because they were too 
From and restricted scope. the Manasquan Inlet, New Jersey, for 
confidently asserted that attempts open the inlet and bar 
vill always fail until the improvement the entire gorge section carried 
through completion. The goal determine the most effective sec- 
tion gorge for given tidal range the ocean and given tidal range 
with and capacity lagoon. remembered, however, that the im- 
the gorge and approaches inlet will modify more less 
the tidal range the lagoon and, consequently, affect the volume 


water that will pass through the gorge every tidal change. This, 


rs. 
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volume water termed the tidal prism. example, dredging the 
bay section Shark River Monmouth County, New Jersey, the total 


superficial area tidal water has been somewhat reduced; but the deepening 
this bay vast percentage which fell bare ordinary low water) has 
probably increased the volume its tidal prism, addition facilitating 
the propagation the tidal currents and waves. 

Under the caption, “Flood vs. Ebb the author gives very 
good summary conditions the operation the two currents. 
admitted, however, that the most important factor should more strongly 
stressed, namely, that the great effectiveness the flood current trans- 
porting material due the fact that the ocean waves have first beaten 
the beach material into suspension. This most potent agency virtually 
lacking the stiller shoal and limited waters the lagoon. All observers 
are familiar with the somewhat parallel condition which created during the 
dredging operations, the material agitated the cutters 


quently being distributed from remote points and coloring the water some- 


times for miles. 
The author refers perhaps too briefly the effect inlets large marsh 


sand-bar areas, under the caption, “Division Inlets.”+ Wherever 


sible the situation and contour the marshes should critically examined 
undertaking the improvement inlet. bar marsh area 
the result the operation waves and currents during many years; hence 
they must not disregarded plotting the layout inlet. the posi- 
tion the inlet and its approach not well balanced with respect the 


rise important questions land title. 


Under the heading, the author argues from the principles 
hydraulics that the utmost efficiency sought restricting the in- 


flowing and outflowing water narrow deep channel instead depending, 


has been frequently argued, wide relatively shallow inlet entrances. 
This runs counter the argument often advanced that twin jetties neces- 
sarily cut down the tidal flow. other words, this would indicate, the 
most efficient section for the inlet gorge, practically semi-circle. The 
author very properly qualifies this mathematical deduction pointing out 
that the banks would not stand the required slopes and, practical 


matter, the improvement navigation the primary object sought, 


cient width for safe maneuvering boats required. 
tracing the relation between inlet and lagoon, the author very 
properly states§ that the size the body inland water thus factor 


establishing the width and some extent the depth the gorge through 


which waters enter and leave the bay the tide rises and falls. sub 
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marsh area highly probable that the inlet-opening project will fail, 
because failure concentrate the necessary flow. fact that the 
position marsh islands frequently the most satisfactory indication 
the location old inlets which have closed, situation which frequently gives duty 
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mitted that this statement should somewhat extended taking into 
account the volume tidal prism, since the improvement the inlet gorge 
may modify more less seriously the tidal range and tidal levels the 
bay lagoon. necessary estimate the final tidal range the lagoon. 

Under the caption, “Formulas Applicable Flow Through the 
author, first working out the slope the inlet gorge, develops general 
formula for the maximum mean velocity water flowing through the inlet 
and then formulas for the volume tidal discharge that capable pass- 
ing through given inlet under given conditions the bay. Then 
determines the size bay required allow the tide rise given 
height when flowing through inlet given size; and, finally, the height 
which the tide will rise the bay. How well these formulas would apply 
practice matter which there may some question, but the test 
the formulas applied Absecon worthy study. discuss- 
ing the limitation the formulas, the author emphasizes the fact that the 
value seldom uniform. This one outstanding fact that has rendered 
difficult the derivation formulas that will applicable within relatively 

large limits. That is, the great difficulty has always been determine first 
how far accept the observations derived the study one inlet plan- 
ning works for another inlet where conditions are not closely similar; and few 
them are closely similar. For example, addition the factors taken 
into account the author, such tidal prism, range the rapidity 

which bar may eroded, may considerable importance since 

frequently bar marsh inland acts powerfully directing the flow tidal 

currents. Extensive dredging operations reclamation projects will neces- 
sarily affect the factors which the are based, although the 
duty the War Department and State agencies prevent operations 
radical threaten the maintenance navigable waterways. The author 
very truly that observations seem confirm view that inlets having 
large enough give considerable value are generally 
better shape than those where the tidal variation not felt the bay; that is, 
when near zero, although the latter gives the greater values for 
velocity. The fact that the tidal variation the bay very slight 
compared with the ocean tidal range, this indication that the inlet gorge 

too restricted for the area the bay (more accurately, the tidal volume), 

for the tidal variation will depend the gorge section. The continuity 

satisfactory section gorge must extend throughout the gorge and include 
approaches both the ocean and bay. shoal the inlet 
approach operates submerged weir sill, and reducing the efficacy 
the gorge reduces the tidal variation the lagoon. Normally, the mean 
level the water the lagoon approximates mean sea level, although this 
always modified the influence river outflow. The approaches the 
gorge are just important the main gorge itself preparing plans for 
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inlet project. This point mentioned the author under the caption, 
“Friction and Other and specifically with reference Manas- 
quan Inlet. 

Much sound reasoning the problem inlet improvement and mainte- 
nance presented under the caption, “Preservation Tidal 
essential prevent the dispersion energy that results from the flow 
water following number relatively unimportant channels and secure 
the maximum results suitable concentration flow. The point well 
taken that many situations the area and tidal volume tributary inlet 
may greatly increased artificially creating new point which the tides 
from two inlets meet. This point meeting sometimes described bulk- 
head. usually indicated relatively large shallow bay rela- 
tively obstructive formation marsh islands, such the Cedar Bonnet Islands 
which separate Barnegat Bay from Little Egg Harbor New Jersey. For 
example, numerous situations the lagoon area extending along the New 
Jersey Coast from Bayhead Cape May, would relatively simple matter 
extend the tributary tidal volume the interest almost any one the 
inlets. Obviously, the result will impair the chances for maintaining 
the inlet, the tributary area which thus artificially restricted. 

Under the heading, “Improvement the point properly 
stressed that dredging alone the outer bar cannot afford permanent im- 
provement depth unless the channel and inside basin are such promote 
inereased velocity obtain the outer depth. other words, this 
dredging, order successful, must conform the configuration the 
neighboring shores and channels that the general improvement the 
hydraulic conditions obtained. Usually, concentration the flow must 
obtained jetties, although the supplementary dredging must also per- 
formed initial operation and usually stated periods maintenance. 

The principal functions jetty have been accurately stated the 
the subject high and low jetties which much attention has 
been given many writers, the author|| calls attention the outstanding 
weakness low jetties, which the fact that they not arrest the littoral 
drift which passes over them the windward side and then requires removal 
dredging. Obviously, much depends whether the primary object 
arrest littoral drift merely guide the channel. has been argued that 
the low jetties possess the favorable feature reducing minimum the 
interference with the incoming flood tide, but the author has expressly 
stated, favorable hydraulic sections the inlet are often more important 
than unnecessarily great width the entrance. From this standpoint one 
the strongest arguments offered the low-jetty and single-jetty advocates 
disputed. 

The author’s attempt rationalize the design inlet improvement struc- 
tures sandy coasts laudable. Certainly engineers everywhere will wel- 
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come every addition the acquisition knowledge this difficult subject 
which much has been written and which much disappointment has 
been encountered. Disappointment sure realized the lagoon body 
inadequate provide storage for adequate flow ebb and flood tides 
preserve inlet through the beach. the other hand vast area lagoon 
does not itself provide assurance deep inlet, but does present the 
possibility for undertaking inlet improvement with confidence the ultimate 
the project. The essential requirement under these conditions 
then provide adequate channel through the gorge section and, conse- 
quently, far enough into the lagoon attain favorable hydraulic conditions. 
Another vital requirement the concentration the flow jetties which will 
also serve barriers arrest the littoral drift which the last analysis 
many inlet operations constitutes the chief cause shoaling. Dredging 
will almost invariably required where shoaling has once taken place. 
the dredging done conform the bars and land formations which act 
mould and reflect the flood and ebb channels the dredging alone may the 
primary factor attaining solution; but normally the jetties will required 
preclude dispersion the channels through number mutually destruc- 
tive minor passes. 

relation the derivation “Formulas Applicable Flow Through 
Inlets”,* the writer would suggest that the solution obtained carefully 
checked comparison with somewhat similar lagoon the same coast. 
For example, fair comparison can made the Jersey coast between the 
lagoon areas which are tributary New Inlet, Absecon Inlet, and Great Egg 
Harbor. More and more the inlets are improved with given lagoon area, 
the value the mean tidal variation the lagoon, will approach that 
the mean tidal variation the sea. short series simultaneous readings 
tide gauges suitably chosen will yield the information lag between 
the tides and the slope the tidal planes proceeding inland the basin. 
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Discussion* 


Ivan Am. Soc. (by letter).t—Some additional measure- 
ments and studies upward pressures under the American Falls and Willwood 
Dams have been made since this paper was completed. view the fact that 
one two additional interest are exemplified, and also because 
the fact that desirable furnish complete data possible for the use 
interested engineers, seems advisable present the results the more 
investigations this discussion. 
gives the results measurements made the American Falls Dam 
since October, 1927, the arrangement the data being the same Table 4.§ 
noticed that observations have been made about once month during 
the last year (1927-28). Present plans are continue the readings about the 
same interval for least another year, and then somewhat greater intervals 
for some time the future. such readings hoped observe any 
increase decrease uplift pressures which may occur time progresses. 
Thus far, general conclusions regards time effect seem warranted. 
Any thorough study uplift pressure variations resulting from elapse 
time should based either observations taken with the same reservoir and 
tail-water surface elevations, observations properly corrected for varia- 
tions total head. Variations the total head the American Falls Dam 
are essentially variations reservoir levels, inasmuch the tail-water eleva- 
tion kept practically constant connection with the operation the plant 


Discussion the paper Julian Hinds, Am. Soc. E., continued from August, 
1928, Proceedings. 


Research Engr., Bureau Reclamation, Denver, Colo. 
Received the Secretary, June 13, 1928. 
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the Idaho Power Company about 600 ft. down stream from the dam. Keep- 
this mind cursory inspection Tables and would indicate that 
for the same total head the elapse time the American Falls Dam has 
resulted increased pressures some the pipes and decreased pressures 
others. 

Where uplift pressures are affected both reservoir and tail-water levels, 
or, other words, where the bottoms the pipes are connected with percola- 
tion passageways leading both up-stream and down-stream edges the base, 
the increases pressure may caused either loosening the passage- 
ways leading through the grouted rock the up-stream edge the base, 
tightening those leading the down-stream edge the apron 
the open drains. Likewise, decreases uplift pressure may caused 
tightening the passageways above the wells loosening ones 
below. Probably both actions have been occurring some extent the 
American Falls Dam. Approximate measurements total flow the drains 
have been made times observing uplift pressures, but the results are 
somewhat erratic and show definite increase decrease drainage since 
the reservoir was first filled. Tightening the percolation passageways may 
caused deposition salts from the percolating water. Such action 
believed responsible for reduction drainage flow which has been 
observed during recent years the Elephant Butte Dam the Rio Grande 
Project New Mexico and Texas. 
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Fic. VARIATION TAIL-WATER ELEVATION UPWARD PRESSURES 
UNDER AMERICAN FALLS DAM. 


The series uplift pressure observations the American Falls Dam 
November 21, 1927 (the first set observations recorded Table 6), 
special interest because the relatively low tail-water elevation 
which existed that time. Such stage approximately ft. lower than the 
usually maintained. the time the November measurements 
the tail-water had been lowered for several days because some gate repairs 
required the Power Company. Fig. shows the readings November 21, 
1927, platted with those July 1927, when the reservoir water surface was 
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almost exactly the same elevation, but when the tail-water level was 
Elevation 297.0; that is, 10.4 ft. higher than November 21. Water surface 
elevations are platted ordinates, and distances from the up-stream face 


the dam abscissas—the down-stream direction being taken positive. The 


diagrams show that the uplift pressures November were considerably 
lower than July the differences being from ft. several the 


pipes and much 8.0 ft: Pipe Station 13-++ 00. (See Fig. 16.*) The 
diagrams Fig. 27, together with the data Tables and would indicate 


that Pipes Stations and are relatively tight regards con- 
nections with either reservoir tail-water conditions, stated the 
explanation can offered for the sudden increase pressure Pipe 
Station 10, between July and September 19, 1927. The other pipes, 
some which have times shown water elevations slightly lower than the 
tail-water levels, apparently are affected some extent least both reser- 
voir and tail-water conditions. 


STATION 11+ STATION +00 


Reservoir Water Surface Elevation 
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Uplift Pressures Expressed Equivalent Water Surface Elevations 
Uplift Pressures Foundation Feet Head 
Fic. 28.—OBSERVED UPLIFT PRESSURES BASE AMERICAN FALLS DAM. 


Fig. shows the observed uplift pressures the American Falls Dam 
platted abscissas against the corresponding reservoir water surface eleva- 
tions ordinates, the uplift pressures being expressed equivalent water 
surface elevations, Tables and corrections being made for differ- 
ences tail-water levels. The elevation, the bottom the diagrams 
the approximate surface the rock the locations the uplift pipes. 
Elevations the spillway crest and the top the radial gates are indicated 
the diagrams short horizontal lines, while the normal tail-water elevation, 
296.5, indicated vertical lines. Diagonal lines represent uplift 
25, 50, and 100% the reservoir pressures the up-stream edge the base. 

While the observations shown Fig. are naturally somewhat errati¢, 
the diagrams indicate, general way, the variation uplift pressures with 
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changes elevation reservoir water surface. will noticed that most 
cases the uplift pressures fall between the and 50% lines. Pressures 
Pipe Station 00, are practically the only ones that fall definitely above 
the 50% line. These pressures fall diagonal line representing about 60% 
full reservoir water pressure. Uplift pressures observed Pipe Station 
seemed increase gradually the reservoir filled until May 17, 
1927, then drop back about ft. July although the reservoir water 
surface continued rise, reading elevation 4354.46 July 1—a total 
9.7 ft. higher than May 17. Since July 1927, the uplift pressure 
this pipe seems have remained almost constant, thus indicating that the 
foundation rock surrounding the bottom the pipe has tightened appreciably. 
Observations Pipe Station 00, seem show somewhat similar 
condition. 

Measurements uplift pressure the Willwood Dam have not been made 
periodically for some time. fact, only one set observations has been 
secured since the paper was finished. This was March 31, 1928, when the 
reservoir water surface elevation was 4500.55 and the tail-water elevation, 
4458.50. Uplift pressures the various pipes March 31, expressed 
equivalent water surface elevations, are given Table 


TABLE Pressures Expressep SURFACE 
ELEVATIONS. 


Uplift, water surface. Uplift, water surface. 


Elevations below tail-water surface are indicated asterisks. 


comparison the results Table with the observations June 16, 
1923, July and July 1926, recorded Table 3,* when the reservoir 
and tail-water surfaces were not greatly different from those existing March 
31, 1928, would indicate that the uplift pressures have decreased somewhat 
during the five years since the dam was completed. data are available 
indicate whether this effect has resulted from tightening the percolation 
above the pipes, from loosening the drainage passageways 
below, from both. 

may interesting discuss briefly the methods installing the uplift 
pressure pipes the American Falls and Willwood Dams. the latter 
the pipes ended the line contact between the rock and the concrete. The 
pipes were placed holes drilled through the concrete after the body the 
dam had been poured Elevation 456.2, approximately ft. above the surface 
the rock foundation. presumed that the drill holes did not extend 
more than few inches into the rock inasmuch mention the matter 
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made the installation records. the American Falls Dam the pipes 
were placed before concreting, leaving the lower ends in. above the rock, 
shown Section Fig. 16. After the concrete was poured height 
few feet above bed-rock, holes were drilled through the concrete the 
lower ends the pipes and approximately ft. into the foundation. 

Whether not holes should drilled from the ends the pipes into the 
foundation debatable question. they should extend into the rock, how 
far should they go? there are horizontal seams, percolation passageways, 
the foundation within relatively short distances the base the dam, the 
uplift pressures such places may exert some uplift the concrete, since 
the weight the intervening rock would probably considerably less than the 
uplift. Drilling into the rock may intercept such areas, passageways, and 
result the measurement uplift pressures where otherwise uplift would 
recorded. the Gibson Dam, which concrete arch type, 200 ft. high, 
now being built the Bureau Reclamation the Sun River Project 
Montana, the uplift pipes are being installed the same manner the 
American Falls Dam, but the holes the ends the pipes are being drilled 
approximately in. into the rock instead ft. The depth the founda- 
tion which such holes should drilled, whether they should drilled 
all, problem which not susceptible exact solution. must 
decided the basis engineering judgment. course, the pipes might 
set directly the rock, and the ends surrounded gravel before concreting. 
However, such methods would tend intercept uplift conditions from hori- 
areas considerably larger than the areas the pipes. most cases the 
writer would favor drilling into the rock about in., being done the 
Gibson Dam. Probably the depth drilling should decreased for com- 
paratively low dams and increased for comparatively high dams. 

regards the proportionate area the base which the uplift pressures 
should considered act when designing dam, the writer inclined 
favor using the entire area, especially the uplift pressure curve based 
actual measurements instead arbitrary assumptions. Thus far, prac- 
ticable method measuring the areas the base dam which uplift 
pressures are actually exerted, has been developed. Naturally, the extent 
such areas will depend the character the foundation, the thoroughness 
the grouting operations, and the efficiency the drains. the dam built 
solid rock foundation, the rock thoroughly grouted along the up-stream 
edge the base, and adequate system drains installed, the writer would 
expect large areas the base entirely free from uplift pressure. The 
existence such areas the Willwood and American Falls Dams indicated 
the zero uplift pressures observed several the pipes. However, these 
pressures are taken into account determining average uplift pressure 
further consideration such areas necessary. far such 
areas are concerned the average pressure curve should applied the 
full area the base. estimates the actual areas subjected uplift 
sure are made and used calculating the total uplift force, the 
tions which indicate zero pressure should omitted from the diagrams used 

determining the intensity the uplift pressure. 
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course, there remains the question what proportion the rock 
surface contact with the concrete the areas where uplift pressure 


observed; or, more exactly, what proportion the areas where uplift pressure 
observed should considered capable transmitting uplift pressure 
the base the dam? Here, again, the writer would favor using the entire area. 
has formed between the foundation and the dam, was the case 
the up-stream side the Stevenson Creek Test Dam, the full area would 
effective far the crack extended. the rock stratified nature 
and horizontal seam exists short distance below the base, uplift pressure 
may transmitted through the rock layer the full area the concrete even 
large proportion the rock surface actual contact with the concrete. 
the dam has been built sandstone foundation and uplift pressure exists 
the sandstone, the pressure may effective over nearly the full area the 
rh, base even large proportion the sand grains are actual contact with 
the such case the pressures would transmitted through the 
sand grains from pore spaces below. this connection interesting 
led note that Parsons, Am. E., the results large number 
la- experiments made under varying conditions head, depth sand, 
led concluded* that: 
than full pressure head acting the total area the base, when there 
ng. flow water through the soil; nor less than the full pressure head indicated 
the hydraulic gradient when there flow through the soil.” 
The writer’s idea the most practicable method investigating upward 
pressure under dams would install large number measuring pipes, 
uniformly distributed over the entire area the base. would then plat 
the pressure measurements, including the observations zero pressure, 
would apply the resulting intensity curves the full area. Such method 
would make proper allowances for the areas which uplift pressure exists. 
regards the areas subjected uplift pressure would slightly the 
safe side. The pressure intensities would accurately measured, but the 
lift area would assumed equal the maximum possible. However, 
the writer believes that the question effective area where there uplift 
not important the question what areas are entirely free 
uilt from uplift. other words, believes that important time 
large number uplift pressure measurements uniformly distributed 
over the base the dam. When such investigations have been made large 
The dams, built different types foundation, the designing engineer 
ated can make much better estimate the uplift expected given site 
hese than possible present. 
such Am. Soc. (by letter).t—This paper gives addi- 
the information the intensity uplift under certain existing dams. 
The effect uplift due two factors: One which the intensity the 


Am. Soc. April, 1928, Papers and Discussions, 955. 
Designing Engr., The White Eng. Corporation, City Mexico, Mexico. 
Received the Secretary, July 1928. 
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pressure; and the other, the area the base which the pressure applied. 
the author states* the observations recorded not prove disprove the 


theory and assumptions ordinarily used considering the problem. The fact 


that dams that have been investigated continue stand, however, proves that 
the assumptions made their designs were adequate. 

The writer knows experiments investigations the area sub- 
jected uplift rock foundations. This factor just important that 
the intensity. Its exact determination would difficult not impossible 
for the whole any given dam site. Even exact measurements could 
obtained for one site the results would not necessarily applicable any 
other. 

Water may develop pressure the bottom area dam one both 
two ways. One these through faulty contact between the concrete 
and the top the rock. The area thus affected must always less than the 
total area shown Fig. 29(a). This true, because otherwise there would 
contact between the concrete and the foundation, which would 
impossibility, The section, the part the unit length, the base 
receiving uplift from faulty contact. The factor, may vary from zero 
anything less than 


(a) 


The other way for uplift developed through open seams the rock 
below the base the dam (see Fig. 29(b)). The area thus affected may easily 
100% any given unit area; that is, the factor, (in Fig. 29(b)) may 
receiving uplift through open seams. seems the writer, however, that 
unreasonably conservative assume 100% over the entire base the 
whole dam. 

Fig. 29(a) and (b) also illustrates the difficulty making quantitative 
determination this part the problem. addition the separate action 
these two conditions the uplifting force may the result combination 
the two. The area subject uplift gravelly foundations has been shown 
the approximately 100 per cent. Fig. 29(c) shows this condi- 
tion diagrammatically. this case, may vary from 0.9 1.0. 

Until the areas affected uplift can determined the treatment the 
problem rock similar foundations will continue matter judg- 
ment rather than mathematics. The multiplication intensity observations 
alone will not serve solve it. 

Proceedings, Am. Soc. E., March, 1928, Papers and Discussions, 685. 
Loc. cit., April, 1928, Papers and Discussions, 941. 
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urements the Colorado River Dam, although indefinite, are very 
interesting nature. The author attributes most the irregular character 
the results obtained variable seasoning the filter surface. For this 
special case, the explanation may exactly true, or, least, nearly so. The 
writer believes, however, that many cases the “time effect” accounts for 
ble the observed irregularities the pressure line appreciable extent. 
certain retardation will the formation the state equilibrium 
corresponding new head differential pressure. 
general, the time effect is, evidently, condition that rather favorable 
oth the stability dam, and the writer the opinion that often adds 
materially the safety the structure. This especially true the flood 
the peaks are comparatively short duration and the “retardation coefficient” 
the foundation high. The time effect universal nature, and 
applies soils well rock strata where the water creeping very 
narrow channels. Sufficient data are not yet available, however, accom- 
plish general study its character and magnitude for different materials. 
hoped that the problem will soon taken full and given the 
attention deserves among engineers. 

The readings the Willwood Dam show that uplift under dams rock 
foundation really serious matter and that extreme care must exercised 
selecting the dam site with regard the actual geological and hydro- 
geological formations. the shale and the sandstone this case were located 
the reverse order, there would, probably, have been considerably more 
unfavorable condition uplift under certain parts the dam. When dam 
built rock foundation composed very different strata, there 
every reason test the foundation hydraulically order prevent any 

unexpected eventuality. 
For several reasons would great value have these experiments 
made over long period time. would especially interesting 
know how the uplift pressure varies with the distance the vertical con- 
struction and contraction joints. The results the Willwood Dam seem 
give some indication this, but sufficient data are not available justify 
conclusion. 
ative The writer believes that vertical contraction joint, least when opens 
up, acts somewhat drainage well; thus decreasing the uplift under the base 
the dam. The necessary requirement is, course, that the joint shall not 
hown clogged and that the seepage can freely issue into the tail-water. 
contraction joints solid gravity dams are usually constructed, however, 
seems rather doubtful whether safe assume effective drainage, 
the although more than probable that many such joints have had 
judg- appreciable effect the stability dams. The writer the opinion that 
this question involves economic factor importance, and, therefore (assum- 


ing that there are favorable conditions the dam site), would suggest 
solid gravity dam shown Fig. 30. 


Stockholm, Sweden. 
Received the Secretary, July 27, 1928. 
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This dam would built sections ordinary length. The blocks would 
separated permanent contraction joints, extending down rock, which 
would made wide enough permit the removal the forms. This arrange- 
ment would cause increased expense for shutterings, but would mean 
considerable saving concrete due the decrease uplift. Preliminary thre 
estimates indicate that for dams ordinary size saving least maj 
the total cost quite feasible even under the assumption that the value the 
ratio between the unit prices shutterings and concrete unfavorable. the 
wou 
othe 
dist 
the 
lane 
base 
will 
SECTION B-B 
Fic. 30. 
ther 
The writer well aware the fact that, certain respects, this sugges- 


tion somewhat against present common practice, and discussion would blar 
probably involve many the most important questions relating the design bed, 
solid gravity dams. Some these points are distinct favor the new 
design; that is, the possibility convenient inspection the joints and 

the facilitated dissipation the chemical heat the masonry. Other points 
seem more less matter opinion; for example, the hypothetical 

mutual support between different parts solid gravity dam means 


preventing ultimate failure. Whatever the judgment may be, the writer 
thinks the idea worth considering. byt 
ing hydrostatic uplift pressure under dams meager, all records actual 
pressures are welcome. The profession indebted the Bureau 
Reclamation for making the experiments reported the author. 
There upward pressure the base every structure founded below 
water level fissured pervious material. The intensity this 
undoubtedly would vary with differences foundation material—its granular 
structure, grading particles, fineness coarseness, compactness, solidity, 
etc. 
Cons. Engr.; Prof. Emeritus, Rensselaer Polytechnic Inst., New York, 
Received the Secretary, August 
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Because all the factors involved are not appraised, expected that 
measurements upward pressures will often appear inconsistent, that is, will 
apparently lack proper relationship. The water column test pipe only 
records static head. One pipe series may enter firmly compacted pocket 
through which there little flow, while another pipe the same series 
may end loosely compacted and coarse material, crevice the rock 
through which there considerable and rapid flow. The water column 
the first pipe would measure practically total head, while that the latter 
would record only the static head. When plotted, the points representing the 
upward pressures, measured these pipes, would lack correlation with each 
other. 

The work preparing the site for dam and the laying the base masonry 
disturb Nature’s placement the foundation material. Water flowing through 
the foundation material will seek lanes paths least resistance, and these 
lanes may neither straight nor the surfaces the foundation under the 
base. Consequently, observations upward pressures pipes arranged 
row normal the axis the dam may not show consistent relations; nor 
such indicate smooth hydraulic grade line. Furthermore, cut-offs 
will affect the uplift observations and produce results that may appear erratic. 

Cut-offs made sheet-piles may not water-tight. The piling might 
tight for some distance and then have opening caused boulder other 
sub-surface obstruction. The path the water passing through such 
opening cannot predicted. 

Deposit silt will tend close the voids between the soil particles, and 
thereby diminish the flow through the foundation. This silting process may 
divert the flow from some observation pipes and not from others. The silt 
blanket reservoir behind dam, the crest which high above the river 
bed, will not disturbed ordinarily flood discharges, mentioned the 
for the Colorado River Dam the crest which was only ft. high. 

Considering the complexity that exists, the writer does not think that the. 
quotients obtained dividing the distances, measured along the base 
structure the direction river flow, their corresponding losses static 
head (the percolation factors Bligh), should proportional every in- 
stance. While the losses static head may measured with fair accuracy 
the test pipes, the lengths the paths along which the underground water 
flows, not known with any certainty. 

The hydrostatic head the pipes will affected the distance the per- 
forations pipe ends are below the base dam. Thus, one pipe 
deep and another shallow, the hydrostatic heads may lack correlation. 
the writer’s opinion that under ordinary conditions, the pipe openings should 
not less than in. and not more than ft. below the base. This would 
place the openings the pipes below the irregularities the base masonry 
and still near enough record the uplift pressures the layer foundation 
material which the base rests. The chance for consistent and correlating 
records will improved care placing the pipes. 
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The writer’s plans for the Sherman Island across the Hudson River, 
near Glens Falls, Y., contemplated thirteen rows three pipes each; that 
is, one row alternate bays the multiple arches, about ft. apart 
measured across the river. Unfortunately, constructed, only seventeen pipes 
were placed, with four bays having two pipes, and three bays, three pipes, each. 
one bay there was defective pipe. All them were the down-stream 
side the 55-ft. interlocking steel sheet-pile cut-off. The foundation material 
under the dam was sand varying sizes, containing some boulders. The 
geologic rock floor, except the abutments, was not reached 80-ft borings. 
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31.—SEASONAL VARIATION UPLIFT HEAD UNDER MAIN DAM AND WATER 
TEMPERATURES, SHERMAN ISLAND DAM. 


upward pressures were fairly consistent the pipes each row, but were 
not always correlated when comparing one row with another. The uplift 
records showed annual periodic variation which fluctuated with the changes 
temperature the river water. Thus, the average uplift head above water 
below the dam became greater the temperature the water increased, and 
became less the temperature lowered. This seasonal variation shown 
Fig. 31. was noticed that the up-stream cut-off sheet-piling caused large 
diminution uplift, after which the uplift diminished toward the down- 
stream edge the apron along curved line. The low uplifts for 1925 may 
due low-water temperatures, temperature observations were recorded 
that year during the summer months. 


teri 

eith 
slat 

soil 
pres 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


THE COMPRESSIBILITY SAND-MICA MIXTURES 
Discussion* 


first discussion granular materials non-uniform grains. dis- 
the subject soil mechanics, with the exception those 
Charles Terzaghi, Am. Soc. E., have dealt solely with one-shaped grains. 
beginning the study heterogeneous combinations units which make 
that material commonly known soil, the author has contributed valu- 
able analytical method attack this most important subject, the very basis 
all foundation engineering. 

general, this series experiments deals with mixtures perfect spher- 
ical and perfect flat particles, both which have common maximum dimen- 
sion. There must also borne mind that the author has chosen uniform 
silica particles and uniform mica particles. From the description charac- 
teristics given the paper,§ seems that the sand was almost pure silica, 
one the hardest and most elastic minerals, and the mica was muscovite, 
which potash mica. This type one the most common forms mica 
and together with biotite mica containing iron and magnesia), charac- 
terized its low water content and high elasticity the individual flakes. 

quite possible that similar combination of, say, spherical limestone 
particles and flat chlorite particles would give quite different experimental 
results and conclusions. The limestone which appears Nature very often 
character and contains considerable water which can removed 
either heat pressure. Chlorite common mineral found schists 
slates, having the same characteristics mica shape and cleavage. 
Whereas mica common constituent igneous and metamorphic rocks, 
chlorite secondary origin and more likely encountered 
soils. Chlorite gives off considerable water upon the application heat 
pressure. The specific gravity mica varies between 2.7 and 3.2; that 
chlorite varies between 2.65 and 2.96. The only sure method distinguishing 


Discussion the paper Glennon Gilboy, Am, Soc. E., continued from 
August, 1928, Proceedings. 
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between these two minerals the difference elasticity the individual 
flakes. 

These data are presented show that although the results the paper 
are valuable themselves, their application restricted the materials used. 
would quite interesting know whether the author has made any 
attempt separate bulky from flat particles the use screens with rectan- 
gular openings. Such screens could advantageously used determining 
factor similar nature the fineness modulus, but they would take into 
account two dimensions. 

reference the average results shown Fig. 2,* the writer would 
appreciate any infcrmation which may lead explanation for the small 
void ratio under load for the 100% mica sample and what percentage 
mica the mixture the voids ratio under load decreases. From the diagram 
seems that the voids ratio pure mica under load smaller than that for 
any mixture sand and mica containing more than mica. is, course, 
possible explain this the assumption that mica grains mixture con- 
taining more than mica are supported other grains farther apart than 
mixtures containing small quantities mica. Under load, the total defor- 
mation (which function the deflection the individual mica grains 
acting beams and struts), would larger for the greater separation 
grains. 

very interesting note that the author favor classifying soils 
means pressure-compression and time-compression diagrams far 
the classification used for structural design. The author argues too 
rapidly+, however, when deduces relative settlement foundations built 
soils containing variable mica proportions. The settlement foundation 
function considerable number other variables, and quantitative 
deductions are liable serious error. 

his enthusiasm explain his thesis the author has erred somewhat 
stating that particles colloidal size not have properties different from 
materials containing particles larger size and, also, the statement that 
the scale-like grains should accorded major consideration ideas 
soil explain this contention only necessary remember 
what small amount material, such pure colloidal clay, even 
small percentage water, will the physical characteristics dry, 
uniform sand. 

The writer agrees with Mr. Gilboy his final statement that the analysis 
soils and their behavior will greatly simplified when quantitative 
formulation soil types based numerical constants has been developed.§ 
was shown Helmholz and Kirchhoff that two constants are 
cient define elastic solid completely, namely, the bulk modulus and the 
shear rigidity modulus. can hardly hoped that the present state 
knowledge soils, two even three numerical constants will sufficient 
define any one soil fully. 


Proceedings, Am. Soc. E., February, 1928, Papers and Discussions, 560. 
Loc. cit., 564. 
Loc. cit., 566. 
Loc. cit., 568. 
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Discussion* 


the seriousness the problem silt deposit the canals and reservoirs 
the Southwest. All streams this region not carry such excessive 
quantities silt, but most them do, and where this condition does obtain, 
seriously affects the operation canal systems and the life the reservoir. 
There are few reservoirs already constructed Texas, and others contem- 
plated, which will not reduced storage capacity appreciably several 
centuries, and there are others built and contemplated that will greatly 
reduced capacity average man’s life time. 

During two periods, 1907 1909 and 1916 1918, while engaged 
engineer, the Lower Rio Grande Valley Texas, the San Benito Project, 
the writer had the opportunity observe the effects silt canal operation. 
The Lower Rio Grande Valley delta country that has been built 
from the levels the sea, the Gulf Mexico, the deposit silt. The 
itself flows along ridge, backbone, which (or was until very 
recently) being constantly raised elevation along its course, silt deposited 
when the river overflows its banks, and also blow-sand. When these over- 
flows the water leaves the channel and flows across country right 
angles, approximately, the stream. runs into Mexico the right side and 
across the delta plain toward the Gulf Mexico the left side the State 
Texas. these over-flows occur without much velocity, the waters deposit 


their heavy loads silt quickly. The heavier grains are dropped first, and the 
Discussion the paper Taylor, Am. Soc. continued from August, 
1928, Proceedings. 
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smaller ones next order, and on, some the finer particles being carried 
until low depressions are reached. 

There are many old former river beds the Rio Grande (locally called 
“resacas”) meandering through the valley, that have been built this 
manner during the past ages, until the time the river reached point where 
broke away from its channel and sought new flow line through the lower 
country which, turn, began raise before. Some these “resacas” 
are mentioned United States history being the battlegrounds during the 
Mexican War 1848. 

More than 500 000 acres land are now being watered the lower valley 
the Rio Grande, varying areas, pumping water from the river, making 
lifts from ft. lands above and conducting lands embraced 
score more projects down the valley far Brownsville, Tex., 
the lower end the river. The plans for the San Benito Project, Cameron 
County, included low-lift and high-lift pumps, and, addition, proposed 
obtain gravity-flow water for large percentage its lands, taking water 
directly from the river. The plans were developed and the works constructed 
the Chief Engineer, Mr. Sam Robertson. 

Referring Figs. and 12, idea project locations can obtained. 
Fig. 12(a) sketch (not seale) the profile the 2-mile dredged chan- 
nel conveying the waters the river the old that was become 
the Main Canal the San Benito System. Fig. shows the typical cross- 
section the “resaca”, which varied greatly widths, between banks, from 
250 1000 ft. and depths from ft. The inside slopes the 
“resaca” were from The present river through the valley 
more uniform and varies but little. The banks are almost vertical for 
least ft. from the top. 


TEXAS CAMERON COUNTY 
HIDALGO San Benito 


Project 


Gulf of 
Mexico 


STATE TAMAULIPAS, MEXICO 


11.—GENERAL PLAN, SAN BENITO PROJECT. 


Fig. also shows the conditions the upper few miles after ten years 
operation, the quantity silt that has been placed the “resaca’’, with 
thought maintenance work for its removal. 

Fig. shows sketch profile (of regular scale) the “resaca” and 
the different stages silt deposit progressively built down stream. 

the point marked (Fig. 12), heavy service gates were installed 
receive and control the waters the river. These were operated with 
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lifts and were set position massive reinforced concrete walls, carried 
both round and Wakefield sheet-piling. The floor the structure was below 
the bed the Rio Grande. The pumping plants were also housed 


adjoining room this same structure, the suction pipes protruding through 
the river-front wall. 


TAMAULIPAS, MEXICO 
12.—OUTLINE CAMERON COUNTY WATER IMPROVEMENT DISTRICT. 


The profile the dredged channel beginning (Fig. 13(a)), indicates 
acut ft. the river, well one ft. the old “resaca”, and one 
ft. point midway between the two. The finished grade this channel 


10000. The channel dredged along this line was ft. wide the 


bottom, with side slopes 
While the land each side sloped away from the “resaca”, the banks 
the latter and its bottom also had uniform slope continually going parallel 


ied 
ver 
” 
the 
ley 
ing 
at 
ron Colorado 
Lock 
0. 
Lock 
the 
rat 
N 


2362 WELTY SILTING LAKE AUSTIN, TEXAS Papers. 


the country, but because its windings its grade was flatter than line 
across country. the San Benito Project the elevation the plant shown 
(Fig. 12), was about ft. above sea level, and the Town San Benito 
was ft.; the profile then smoothed out sea level the Gulf. The land 
had average slope in. the mile. 


Gates. etc. 


Rio 
Grande Resaca 
River 19ft. cut 17 ft. cut 


Grade | on 10 000 ft 
(@) PROFILE ALONG 2-MILE DREDGED CHANNEL 


-——250 ft. to 1.000 - - 
10 tt. to 12 ft. 


in 7 Levees varying from 


\ O ft. to 7 ft. fill with 
level grade line each 
side of Resaca 


Tules 


CROSS SECTION OLD TYPICAL. BUT NOT SCALE 


$ 3 
3 
=~ 
3 
= 


Lock and Dam 


— 


PROFILE ALONG RESACA MAIN CANAL SHOWING PROGRESSIVE DEPOSIT 
SILT DOWNSTREAM 


Fic. 13.—PROFILE AND TYPICAL SECTIONS. 


intervals along the and across it, earthen dam with road- 
way top was constructed and the dam were placed locks through which 
pass barges and, also, gates with which control the water. The locks 
were reinforced concrete. Below each dam, and the grade fell, levee was 
constructed each bank with level grade line, starting with zero fill and 
ending the next dam with 7-ft. fill. This plan resulted the waters 
the Main Canal, being lifts, levels, each lower section 
being about ft. lower than the section above. This water, being rule 
higher than the lands adjacent the “resaca”, made the irrigation the 
lands easily possible. were constructed every mile, mile, 
along the “resaca”, right angles, approximately. These served water 
lands either side the 40-acre units subdivided. Some lands along the 
“resaca” were too high thus watered, were the lands adjacent the 
river, and high-line canals were located and built along the “resaca” and 
the river care for such areas. 

constructing the 2-mile dredged channel was necessary take mate- 
rial from borrow-pits build the levees near the middle, but each end 
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there was excessive waste. This resulted-in channel more than ft. 
deep. The failure keep maintenance work for the removal this silt 
soon resulted this 2-mile channel becoming full that water could taken 
gravity only when the river was “up” and, later, only when the river was 
flood stage. Subsequently, became necessary begin the work raising 
banks and making what was originally intended low-line canal designed 
for taking gravity water, into high-line pumping canal. This was the status 
when the writer came the newly organized District his second engage- 
ment there. This old low-line canal was further raised and strengthened 
form new high-line canal, and new low-line canal was excavated 
through low country, thereby following Nature’s plan leaving the old chan- 
nel when had built that could not followed any more, and then 
seeking new and lower ground. 

The old “resaca” with dimensions shown Fig. stored immense 
volume water, and while was wasteful regards seepage and evaporation, 
and was not economical because the pumping required fill the bottom 
height that was usable, yet was great land seller and the sight this 
great area water was something that the average prospective buyer could 
not resist. Consequently, the project grew rapidly until embraced about 
80000 acres land, extending down stream along the old “resacas”. This 
steady growth the project down stream was responsible for the neglect 
the upper sections. During the time the so-called Border trouble, when 
seemed the Federal Government might intervene Mexico, there was 
period neglect the maintenance work caused re-organizing into the 
District form ownership and also bad financing. 1916, water was 
transferred gravity and pumping was done only great additional 
expense for installing many re-lift pumps the laterals. Bank-raising was 
continually progress, and order meet the changing conditions, new 
pumps greater capacity were installed the head-gates. 

For the first ten years operating the system, the quantity silt deposited 
the 2-mile channel and the first few miles the upper end the 
“resaca”, shown measurements made the engineers February, 
1917, reached total something less than 5000000 cu. yd. The results 
the surveys would indicate that the Rio Grande water approaches, 
silt carrying capacities, the Colorado River Texas and also the Colorado 
River the Imperial Valley California. Yet surveys and reports engi- 
neers and project managers this Texas valley have not thus far considered 
the Rio Grande this light. Those interested the Imperial Valley have 
had the advantage gathering more complete data, but little attention has 
been paid the seriousness such matters Texas. 

Fig. 12, and are points which the silt deposit has decided 
The heavier particles seem deposit first (as soon they strike 
dead water) and from the river down stream this point had reached (Fig. 
1917. The next gradation silt, evidently affected size some 
other cause was Point and the next section was closer the town 
point, this section the silt was soupy and thin almost un- 
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recognizable making soundings and, order determined, had 
dipped up. 

Below Point nothing was indicated and the elevations land lines taken 
ten years previously checked measurements the bottom. These sections 
silt deposit seem almost level and the “drop-offs” and are rather 
abrupt, the change elevation seeming occur intervals along 
the canal. 

The upper reaches the “resaca” had become silted the top the banks. 
some cases the banks had raised, except along the channel where the 
water supply flowed, indicated Fig. This channel was about ft. 
wide and ft. deep, and meandered through the tules and the silt bed. 
Laborers were constantly engaged cutting tules, raising banks, and endeavor- 
ing enlarge and keep open channel through which the water sup- 
ply flowed. The velocity was little better than ft. per sec., which helped 
keep moving the silt that was suspension, and carry forward the 
points, and This silted section the “resaca” was under water when the 
pumps were operating and the tules caused the formation pools still water 
which the silt would drop immediately. Consequently, this silt bed was 
continually being raised, which, turn, made necessary keep raising the 
banks. 

Some the projects the valley used old “esteros”, lakes, that func- 
tioned settling basins. Levees were built around these lakes and the water 
was discharged into them directly from the pumps, only admitted the 
canal system after much the silt had settled out. was then continually 
necessary remove the silt from these basins, and raise the banks. 


(by writer has been associated with 
Dean Taylor one the silt surveys Lake Austin, and has lived the 
banks the Colorado River (Texas) for life time. is, therefore, rather 
familiar with the river, its topography, floods, droughts, 
capacity. The Austin Lake stretches its crooked course from Austin into the 
mountains the northwest. Those unfamiliar with the lake would conclude 
that channel reservoir, but this only partly true. cannot classed 
channel reservoir. Fully 50% its area was formerly the banks 
above the top the banks. This lake brings into strong contrast the behavior 
silting its channel part and the valley part that covered former farm 
lands. Measurements Lake Austin upset many theories and show con- 
clusively that the valley part the lake was silted much more rapidly than 
the channel part. many places along the miles lake shore, the silting 
the valley part (not the old river bed) has been more than 100%, and 
being increased with every flood. first, the low-lying banks were only few 
feet high, but after each flood, grass, weeds, willows spring up, and these 
growths catch trash, drift, etc., retard the velocity the water, and cause the 


silt drop out the new banks. Slowly but surely the channel width 
being narrowed. 


Adjunct Prof. Civ. Eng., Univ. Texas, Austin, Tex. 
Received the Secretary, June 28, 1928. 
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Silting Lake Penick, Lueders, Tex., presents case 
silting some respects similar to, and, other respects, contrast to, Lake 
Austin. The reservoir the Clear Fork the Brazos River, the eastern 
part Jones County, Texas, and the source water supply for the City 
Stamford. The dam Lueders, the reservoir extending the river for 
about miles. This more channel reservoir. The drainage area covers 
parts Jones, Fisher, Taylor, Callahan, and Shackelford Counties. 
The area the water-shed approximately sq. miles. this water- 
shed are the Towns Abilene, Sweetwater, Buffalo Gap, Roby, Anson, and 
Merkel. The main stream above the dam fed fully dozen creeks, drain- 
ing from the south the north. Fig. shows the location the dam and 
reservoir and Fig. 15, the cross-sections the reservoir. 


Sta. 12 
Sta. 14, Head Lake 


Sta. 1 to 14 inclusive 
taken along Brazos River 


Sta. 15, 16 and 17 taken along 
Cottonwood Creek 


Sta. 16 


Sta. 17 


Scale in Thousand Feet 


SCALES 


Vertical 


Horizontal 


The original survey the reservoir and dam site was made Mr. 
Burrow 1918. Construction the dam was begun 1918 and finished 
1920. The cross-sections 1920 are from Mr. Burrow’s field notes, while the 
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AREAS, 
Station 


Papers, 


Section No. distance, 
1927 1920 1927 1920 
CLEAR FORK BRAZOS RIVER. 
| | | 
750 000 000 000 
500 500 000 
480 000 704 000 
376 000 779 000 
358 000 510 000 
800 000 100 000 
685 000 978 000 
760 000 849 000 
108 000 564 000 
680 000 200 000 
000 000 000 
CREEK. 
022 000 260 000 
738 000 600 000 
625 000 875 000 
500 000 000 


Dam 


Lake Level Elev. 485 ft. 


Bottom of Lake 1927 


Bottom of Lake 1S2u 


120 
160 
200 
240 


16.—PROFILE LAKE BOTTOM. 


End of Lake 
Sta. 350-+ 00 
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320 
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1927 are from data taken the writer August, 1927. 
1920, the water volume the reservoir was 094 acre-ft., while, 1927, 
was 2129 acre-ft. Thus, the water capacity 1927 68.2% that 1920, 
or, other words, the lake has silted 31.2% its original volume years. 
These results are shown Table and Fig. 15. Fig. shows longi- 


tudinal section taken along the axis the reservoir from the head the lake 
the dam. 


mation interest and value engineers engaged the construction 
reservoirs for water supply power purposes the Southwest. The writer 
has had some familiarity with the local situation and greatly interested 
this most recent chapter the unusually unfortunate history the Austin 
Dam. will recalled that, the time the various engineers were making 
their investigations prior the building the dam, too few data were avail- 
able stream-flow conditions. There are very few data reliable nature 
available the present time the quantity silt carried streams 
various sections the United States. The Federal Department Agricul- 
ture could render most commendable service the Engineering Profession 
conducting extended investigations this problem. 

From such data the writer has hand, would appear that one might 
expect this stream carry burden about its volume, about 
acre-ft., silt per has been estimated that the Brazos River 
above Waco, Tex., with drainage area 30000 sq. miles, carries 200 000 
tons soil per year.t These streams are believed the writer some- 
what similar, but these estimates give the Colorado nine times the silt burden 
the Brazos. The estimate for the Colorado probably the more accurate 
indicated analysis the data given Dean Taylor. 

Table gives the data from Bulletin No. 1430, the Department 
Agriculture, expressed convenient units. will noted that there 
extremely wide variation the amount silt carried streams 
different sections this country. The streams the northeastern section 


the United States are relatively free from silt, due largely the nature the 
tributary area. 


The character the drainage area important factor with reference 
its silt production. With similar soil conditions, open, cultivated tracts 
erode more than wooded grazing areas. arid areas, also, where high 
temperatures and low rainfall discourage the growth vegetation, the turf 
provides inadequate protection against erosion. These conditions prevail over 
large part the Colorado River drainage area above Austin, and are largely 
for its high silt burden. This condition which has greater 
time goes on, due the increased acreage coming under cultivation. 
Such erosion objectionable both from the standpoint impoverishing the 
denuded areas and silting streams and reservoirs. The conservation 


Prof. San. Eng., Mass. Inst. Tech., Cambridge, Mass. 
Received the Secretary, July 13, 1928. 
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ive 
forests and the reforestation denuded areas should beneficial effect 
decreasing siltation difficulties. 
what 
Stream. ons per year. square miles. mile per year. with 
Missouri River, above Ruegg, St. Louis area 
176 000 000 528 700 333 
Arkansas River, above Little Rock, Ark... 000 000 148 000 270 cases 
Colorado River, above Austin, Tex........ 500 000* 200 950 
Yadkin River, above Salisbury, 850 Ib. soil per 
Mississippi River, above Minneapolis, Minn. 117 000 585 
Susquehanna River, Danville, Pa........ 240 150 
Hudson 240 000 366 dis 
from 
Assuming that silt burden acre-ft. per year fair value for 
the Colorado River, evident from the measurements given the author 
that the quantity deposited much less than this. For example, the average 
deposition per year between 1893 and 1900 was about 3366 acre-ft., while 
the first year this period may have yielded about 800 acre-ft., distri- 
bution similar Fig. assumed. During the period, 1913 1922, the 
average deposition was acre-ft. per year; while, during 1922 1924, been 
was acre-ft. annually, with only 712 acre-ft. per year between 1924 and raphy 
1926. Again (see Fig. 5), the maximum silt deposit occurring 1913 was 
about acre-ft. Thus, ever greater proportion silt carried over 
the dam each year, due the decrease the period detention the 
and the corresponding increase the velocity water flowing through. 
The shape the reservoir with its relatively small transverse section such 
make the silting less than would occur the more usual type, with 
greater lateral dimensions. This shape affects the velocity, which effect must 
considered predicting the amount siltation. 
topography the location the dam has been described various 
reports and papers, but there one feature that worthy further comment. 
The valley down stream from the dam gradually widens and considerable Only 
quantities coarse sand and gravel, comparatively free from silt, have been the 
deposited its upper reaches, from which material has long been taken for 
concrete aggregate for local construction work. This area extends point 
opposite below the city proper and, the valley continues widen, the 
sand becomes finer and contains greater quantities silt, that few 
farther down stream there broad valley where the soil consists sandy 
loam used for the growing garden produce. This indicates the character 
sediment carried the stream and deposited the point where the 


emerges from the canyon section into the valley section and the gradient 
flattens out from 4.2 1.7 ft. per examination this valley would 


Proceedings, Am. Soc. E., February, 1928, Papers and Discussions, 577. 
Water Supply Paper No. 44, Survey. 
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give the engineer very good idea the type material which the stream 
might expected bring down flood stage. The paper indicates some- 
what similar arrangement materials the lake, with its sand deposits for 
distance about miles above Station 17.75 and grading off into silt below 
that point. 

constructing reservoirs semi-arid regions, the engineer confronted 
with the problem providing volume sufficient allow for silting and 
still give reasonable life that, the same time, provides large surface 
area from which excessive evaporation losses occur. The writer has found 
cases where, with the low rainfall and percentages run-off and the high 
evaporation from water surfaces encountered the Southwest, has been diffi- 


more acute where the valleys are shallow and the reservoir volume 
distributed horizontally rather than vertically. such reservoirs there 
considerable shoal water which adds very little the available storage, but 
from which depth water in. lost evaporation annually. 
Large volume, therefore, not necessarily solution for the silt problem, 
introduces another problem quite troublesome. 

some instances, especially abroad, siltation has been controlled the 
construction upper reservoir with by-pass around the lower main 
reservoir. The water carrying the higher turbidity by-passed and only the 
partly settled water carried into the lower reservoir. by-pass would have 


been out question the present instance, however, because the topog- 
raphy. 


Taylor calls attention the important problem providing adequate water 
supplies for the growing cities and towns the State Texas, and for other 
States having agricultural and manufacturing interests. 


The State Board Water Engineers, which has supervision over the flow- 
ing waters the State, has declared that all the ordinary flow all the rivers 
and streams the State has been allotted. Permits have been issued indi- 
viduals, corporations, cities, and towns, authorizing them take from the 
and streams quantities water which, the aggregate, equal their total 


ordinary flow. Additional permits cannot granted. The supply exhausted. 
rable Only the storm waters remain unallotted. These are regarded the 

also true that times the ordinary flow the streams insufficient 
present needs. The irrigation companies are constantly clamoring 
for more water, and many cities and towns have suffered long and severe 
Abilene, Dallas, Dalhart, and Elgin may mentioned this 
The population the State and its agricultural and manufac- 


turing interests are growing steadily and the demand for water growing 
adequate supply not provided, growth population 
and industries will soon cease. 


Prof. Civ. Eng. ard Asst. Dean, Coll. Eng., Univ. Texas, Austin, Tex. 
Received the Secretary, July 21, 1928. 
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large section the State artesian water available and will devel- 
oped needed, but much larger part there none. Conservation and 
use the now unappropriated flood waters the only recourse left this 
region. Conservation flood waters implies the construction reservoirs, 
and experience shows that these become filled with silt and are useless com- 
paratively short times. Table shows the quantity silt and the rate 


silting some reservoirs the Texas and New Mexico sections. 


The silt accumulation, acre-feet per square mile drainage area per 
year, given each case. The quantity for Lake Austin varies from 0.097 
0.019 acre-ft. The average quantity for the years about 0.07 acre-ft. 
Compared with the figures for the other reservoirs listed Table this quan- 
tity small, but the new Lake Austin has been practically filled with silt 
fifteen years. During the years when the capacity the reservoir was great, 
the quantity silt stored was also great. the capacity the reservoir 


became reduced silt accumulation, affording less opportunity for sedimenta- 
tion, the quantity deposited per square mile drainage area steadily decreased. 
This seems natural and logical, but there such decrease the silting 
the Zuni Reservoir. Here, the rate accumulation was greatest when 70% 
the original capacity the reservoir was filled with silt. interesting, 
also, note that the rates accumulation the Elephant Butte and Zuni 
Reservoirs are much greater than Lake Austin. The rate for Elephant 


Butte Reservoir seven times, and that for Zuni Reservoir varies from seven 


twenty times, the maximum rate for Lake Austin. 


McKinney Reservoir 


has high rate accumulation, 0.77 acre-ft. per sq. mile drainage area 
per year. 


The method preventing silting that has shown promise success 


build dams with under-sluices through which the silt-laden flood waters may 
passed. This method said successful India and Egypt. 


may that can adapted Texas conditions. 
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CONTINUOUS BEAMS OVER THREE SPANS 


Way,t Am. Soc. (by there might created 
the minds some designers, the opinion that after making his particular 
design according the moment factors given the author, that the results 
represented the actual stresses likely occur the continuous member 
question and that there was nothing left do, might well consider 
the fundamental principles which these factors are founded and compare 
them with the actual existing conditions. 

This criticism would not made the writer thought that would 
any way tend lessen the amount theoretical work done continuous 
members reinforced concrete. Good design continuous beams cannot 
made without first exhausting all theoretical solutions applicable the case 
question. the extent that Mr. Oesterblom has aided these solutions, 
given credit. The following comments apply reinforced con- 
crete construction because present only this material that there 
any need for the application this theory. 

determining his moment factors Mr. Oesterblom has assumed: 


the concrete beam was resting freely and unrestrained 
knife-edge supports. 


the beams are homogeneous, with constant moment inertia 
and modulus elasticity. 

3.—That the stresses the beams are unaffected shrinkage. 

the temperature stresses are negligible. 


Consider these assumptions order see how nearly they parallel actual 
concrete construction. 


Instead the beam resting freely knife-edge support, more often 
resting building column and frequently haunches. addition, 


Discussion the paper Oesterblom, Am. Soc. E., continued from August, 
1928, Proceedings. 
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there often column above the beam continuous with the support. this 
case the author’s moment factors are certainly altered, the amount depending 
story height, spans, and moments inertia columns and beams. 
few instances these factors may small enough neglected, but not 
many; more often they will alter the factors considerably. Building codes 
and most textbooks alike neglect this case, the only one suggesting method 
for the amount negative moment continuous beam over wide sup- 
port, that the writer’s attention, given “Beton 
important and repeat work this method should only one several used 
arriving fair average for the proper figure for design. 

Referring the second assumption, true that reinforced continuous 
concrete beam not composed homogeneous material, nor has constant 
moment inertia modulus elasticity. most instances, the difference 
between this assumption and actual conditions probably small that 
may neglected. However, the facts should realized not improb- 
able that they may materially affect the moment factors special cases. 

well known that concrete shrinks considerably during the early period 
hardening. This shrinkage induces considerable compression the rein- 
forcing steel—the amount depending the steel percentage, cement used, 
water content concrete, etc. precast concrete the writer set 
gauge points the main reinforcement for forty beams before they were cast, 
and observed the compression induced into the steel due shrinkage the 
concrete while hardening. these beams, tested this manner, the com- 
pression amounted average 000 lb. per sq. in. the end days. 
Even after placing these beams the structure and pouring the slab, thus 
placing full dead load them, the bars were still compression. 

There even another aspect this property reinforced concrete which 
probably affects the stresses continuous beams more than the case men- 
tioned. For example, assume tall building the apartment type, which 
the continuous beams are supported two wall and two interior columns. 
The usual construction large column forming part the exterior wall 
and very lightly reinforced, while save space the interior column made 
small possible with high steel percentage. This difference steel per- 
centage will result difference the shrinkage coefficient. Since this 
coefficient depends the brand cement used, the water content the 
poured concrete, difficult assign general value for this difference, 
but according results might taken 0.0003. This means 
that for every 10-ft. story the wall column will shorten 0.036 in. more than the 
interior columns. This small difference but 7-story building 
amounts total in. Even this not realized buildings, but must 
acknowledged that some force required reduce this difference and that 
this same force altering the stresses the continuous beams tying the 
columns together, which added the stresses induced into the continuous 
beams, due difference column shrinkage, would sufficient magnitude 
alter the theoretical moment factors considerably. 


Edition, 
Engineering News-Record, March 13, 1924. 
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for temperature stresses reinforced concrete building construction, 
the effect similar the case shrinkage stresses. Take the apartment 
house example again and assume the exterior walls concrete, stuccoed. 
During the winter season the difference between the temperature the interior 
and exterior columns may easily much 60° Fahr., which would mean 
that for every 10-ft story there would difference 0.043 in. the expan- 
sion between the interior and exterior columns. During the summer seasons 
this condition might easily reversed. The changing elevations the sup- 
ports the continuous beams will most certainly alter the moment factor, 
and the temperature stresses added the shrinkage stresses will most likely 
measurable magnitude. 

the closing paragraphs the paper* severe criticism made the 
report the Joint Committee on.Specifications for and Reinforced 
Concrete, principally because definite regulation was made for “continuous 
beams with unequal spans”. similar criticism might well made the 
author because has offered solution whatever for continuous beams with 
fixed ends. general construction seldom that continuous beams with 
free ends occur. They are usually least partly fixed not entirely, and 
quite important have solution for one case for the other. 

Since impossible make accurate mathematical design for rein- 
forced concrete beam, empirical factors must used for building codes. Com- 
mittees writing these codes have realized this and, member the Seattle 


Building Code Committee, the writer felt chagrin Mr. Oesterblom’s 
severe criticism. 


Reinforced concrete buildings have been built and are still being con- 
structed that have and will give satisfaction. not the writer’s intention 
the least discredit properly designed and constructed reinforced con- 
crete structures. the intention this discussion show that the assump- 
tions which Mr. Oesterblom based his calculations for his moment factors 
are far from being realized actual construction reinforced concrete. 
well that these limitations should clearly understood the designer and 
while may impossible solve their numerical influence exactly, still 
this influence can least sensed the designer and some provision made 
the finished structure carry these stresses. 


Proceedings, Am. Soc. E., March, 1928, Papers and Discussions, 724. 
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HYDROSTATIC UPLIFT PERVIOUS SOILS 


Discussion* 


Martin Assoc. Am. Soc. E.—Previous the con- 
struction Dry Dock No. the Navy Yard, Brooklyn, 
(1908-12), some difference opinion was found regarding the amount 
uplift which would have considered the analysis the 
dry-dock design. the hydrostatic uplift, considered, would factor 
prime importance and item some monetary significance, the ques- 
tion its amount was given quite extensive thought. 

Frederick Harris, Am. Soc. E., was the time charge 
this project, and his experience structures water-bearing soil had led 
him the opinion that the full hydrostatic head would have considered. 

view the varied opinions expressed that time and order 
have something tangible which base the design future structures 
this type, Admiral Harris had designed and placed several positions the 
floor this dock, pressure indicators, or, they were called, dynamometers, 
the type shown Fig. 11. 

These pressure indicators were bronze and consisted 
pipe, in. diameter and approximately ft. in. long, connected castings 
the upper and lower ends. The lower casting was bell-shaped and had 
diaphragm lead, in. diameter, weighing per sq. ft. attached its 
bottom, bolted ring. Bearing against the upper side this diaphragm 
and capable being backed away from the face thereof capstan screw 
extending to, and operated at, the extreme upper end the dynamometer, was 
platen plate with vertical and horizontal movement that was limited 


three lugs into which set-screws, threaded into the bottom casting proper, 
projected. 


Discussion the paper deB. Parsons, Am. Soc. E., continued from 
August, 1928, Proceedings. 


Assoc. Civ. Engr., Navy Yard, Brooklyn, 
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The top casting contained stuffing-box gland, prevent leakage 
the pressure-transferring fluid with which the dynamometer was filled, and 


formed connection for the pressure-reading gauge and pipe for filling the 
dynamometer. 


Gauge No, 3 


view 


STEEL TESTING PLATE 
11.—PRESSURE INDICATORS Dry No. NEw YORK NAvy YARD. 


When was desired obtain reading any particular one the 
dynamometer gauges, the capstan screw was turned, thereby withdrawing the 
platen plate from the face the diaphragm and permitting become 
operative. This, turn, through the medium the pressure-trarsferring 
liquid (in these particular dynamometers, light-grade oil), indicated pres- 
sure the gauge. 

regards location the completed structure, the dynamometers were 
cast the concrete floor the dry dock during its construction, the lead 
diaphragm being placed line with the bottom line the dock floor, the main 
body the dynamometer projecting through the floor, about ft., with the 
top ending pocket just below the upper level the finished concrete. 

order that the readings the gauges the top level the floor would 
truly representative the pressures encountered the diaphragm level, 
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approximately ft. below, was necessary adjust the gauges used the 
final installation take care this difference head; hence, series 
tests was run the dynamometers determine accurately possible the 
factor” each, and what loss, any, would have considered 
the transmission the pressure from this lower level the upper level. 

The tests consisted applying variable pressure the bottom the 
diaphragm placing plate (see Fig. 11) below it, into which was tapped 
1-in. pipe connected hand-operated booster pump the other end. The 
diagram gives general idea the arrangement pump, gauges, for 
the tests. 

standard gauge was used conjunction with commercial gauge, one 
being located the pump (Gauges Nos. and the other being located 
the dynamometer (Gauge No. 1), and every 5-lb. increment from 
and every 5-lb. decrement from lb. indicated the booster- 
pump gauge, observation was taken the dynamometer gauge. 

Each test consisted ten individual runs, the readings the dynamome- 
ter gauge were recorded, and the averages each test were used for the final 
graduation the dynamometer gauges. 

Both lead lb. per sq. ft.) and copper (No. diaphragms were 
used the tests, but lead diaphragms were selected for the completed struc- 


ture, owing the most consistent results being obtained therefrom the 
tests. 


TABLE No. No. 1.* 


PRESSURE INCREASING, POUNDS. PRESSURE DECREASING, 


Run No. 
4.0 8.0 18.5 24.0 29.0 24.5 19.0 14.0 9.5 5.0 
5.0 9.5 14.0 19.0 24.0 28.5 23.5 14.0 10.0 5.0 
5.0 9.5 14.0 18.5 24.0 28.5 24.0 19.0 14.0 10.0 4.5 
4.5 9.0 14.0 18.5 24.0 29.0 24.0 19.0 14.0 9.5 4.5 
4.5 9.5 14.0 18.5 24.0 29.0 24.0 19.0 14.0 10.0 4.5 
4.5 9.0 14.0 19.0 24.0 29.0 24.0 19.0 14.0 9.5 4.5 
4.5 9.0 14.0 18.5 24.0 29.0 24.0 19.0 10.0 4.5 
4.5 9.5 14.0 18.5 24.0 29.0 24.0 19.0 14.0 10.0 4.5 
4.5 9.0 14.0 18.5 24.0 29.0 24.0 19.0 14.0 9.5 4.5 
4.5 9.5 14.0 19.0 24.0 29.0 21.0 19.0 14.0 9.5 4.5 


gauge top loop; commercial gauge dynamometer; lead diaphragm. 


typical test run indicated Table order that the final results 
should consistent under all conditions likely encountered the field, 
great deal care was exercised running the tests, the position the 
gauges varying for the different tests indicated Fig. and Table 10. 
The averages all tests run, well the variation readings the dyna- 
mometer gauge under the different conditions gauge location and diaphragm 
material, are also given Table 10. 
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After the completion the dry dock 1912, observations were taken 
these dynamometer gauges four times daily for period several months, and 
their readings, plotted conjunction with tidal observations, indicated prac- 
tically 100% hydrostatic uplift fluctuating with tidal changes. 

After the dynamometers had served the purpose for which they were 
installed, the gauges were removed and the pockets filled with concrete. 
1918, two the dynamometers were uncovered, and observations taken thereon 
were consistent with the results previously obtained. June 15, 1928, the 
speaker again had the opportunity testing the effectiveness two these 


dynamometers, and they indicated pressure exactly the same intensity 
they did 1918. 


Assoc. Am. Soc. (by paper should 
settle, once and for all, the disputed question the transmission hydro- 
static pressure through pervious soils. The contentions some engineers 
that the area wall covered grains soil was not affected the pressure 
the water surrounding such grains had theoretical basis and was never 
previously tested. The sole basis the contention was the fact that dams 
and other structures built such assumption had not failed. These 
experiments prove definitely that the hydrostatic pressure against surface 
cannot decreased placing granular material against that surface. 

The method drawing conclusions from the first set open 
criticism. Table giving averages friction tests, pounds per square 
inch, the side the can contact with sand, purely arbitrary set 
figures which cannot applied any other case. factor which will 
influence these values the height water overlying the top the sand. 
The friction the can embedded sand, occurring does the point 
motion, function the pressure the sand against the can. The 
amount this pressure depends the depth and the nature the sand, 
and the latter depends the water overlying it. result the use Fig. 
determine the percentage base area which hydrostatic uplift acts, gives 
results which are not quite consistent. analyzing the data Table 
interesting note that the average percentage effective area which 
hydrostatic uplift acts 95.7% for the metal can 15.09 in. diameter, 
88.5% for the 9.22-in. can, and 86.7% for the 5.53-in. can. This for the con- 
dition wet sand packed the container. The other set experiments 
the first part, enumerated Table 3,§ shows number low values for the 
9.22-in. can when the sand packed dry the container with, later, 
addition water. This can had plaster-coated bottom and highly 
probable that there was considerable quantity air trapped the surface 
the bottom. However, the data from the other two sets tests are con- 
clusive that there doubt the validity the results. 
Cons. Engr., New York, 
Received the Secretary, July 1928. 

Proceedings, Am. Soc. E., April, 1928, Papers and Discussions, 945. 
Loc. cit., 946. 
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The author states* that found appreciable difference friction due 
the materials which the cans were made, namely, glass, tin, galvanized 
iron. The writer believes that all work sand and similar soils the same 
conclusions can drawn, because the friction between materials like glass, 
tin, galvanized iron, wood and sand, practically the same the friction 
sand against sand. result, the true frictional value measured prac- 
tically that sand against sand since thin layer the filling material 
adheres the test surface and true motion not between the filling material 
and test surface, but shearing deformation the filling material itself. 
Similar results and conclusions were obtained the writer his experimental 
work the determination the lateral pressure soil against walls made 
wood, glass, and sheet Similar results were obtained Miiller- 
Breslau 1906 his experimental work earth pressures. Certainly the 
friction between sand and the ordinary concrete stone used for dams 
greater than the friction between sand and such test materials, and the con- 
clusion therefore applies all actual conditions. 

reference the tests with clay, the lack results explained the 
paper the fact that the clay became liquid nature. Under such condi- 
tions the pressure exerted given the formulas hydrostatics and the 
same conclusions given for sand then apply clay. That liquid materials, 
such concrete mix, obey the laws hydrostatics has been proved the 

Referring the experiments the first set, the amount friction meas- 


ured indication the total lateral force acting against the submerged 


can. The ratio between the vertical force (resistance measured the tests) 
the horizontal pressure the saturated sand against the can must equal 
the coefficient friction between saturated sand and the material which the 
can was made. This coefficient can experimentally determined and 
quite constant for all the usual materials, even for such unlike materials 
wood, tin, and glass. The results are then directly applicable the design 
walls, quays, docks acted upon saturated soils and also dams against 
which silt has accumulated considerable heights. The writer would like 
know whether any designer dams has investigated the change pressures 
sustained dam because silt accumulation the reservoir. hoped 
that, his closing discussion, the author will explain greater detail the 
experimental data obtained, especially the the sand and 
water levels the first set tests. 


Proceedings, Am. Soc. E., April, 1928, Papers and Discussions, 945. 

Transactions, Am. Soc. E., Vol. LXXXVI (1923), pp. 1472, 1476, and 1477. 
Professional Memoirs, Corps Engrs., Vol. No. 1909, pp. 
Proceedings, Am. Concrete Inst., 1920. 
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ONE HUNDRED FIFTY YEARS ADVANCE 
STRUCTURAL ANALYSIS 


Discussion* 


AND 


structural project Babel (as the story goes), that linguistic barriers have 
hampered the progress science. These barriers have become slight con- 
cern the English speaking peoples with reference many the languages, 
especially French and German, but, unfortunately, the Russian barrier not 
easily surmounted. The writer takes this opportunity help remedy this, 
and elaborate the reference§ made the Russian tradition. 

The development structural analysis Russia begins with the work 
Daniel Bernouilli, who was invited there 1725 Catherine and was 
appointed the Professorship Mathematics the Academy St. Peters- 
burg. Bernouilli was the first obtain the differential equation the deflec- 
tion curve prismatic bar. arrived this consideration the 
transverse vibration the bar.|| his inspiration may also credited the 
investigation elastic problems Euler (1701-83) who succeeded 
Bernouilli the Chair Mathematics St. Petersburg. most 
important contribution the theory structure his discussion the 
buckling columns subjected axial compressive forces. treated not 
only the case which the load applied the top the column, but also the 
effect the weight the column. was also the first investigate 
the bending bars originally curved. introduced the assumption that the 
bending moment this case taken proportional the difference 
between the original and the new curvature. This assumption was proved 
later considering the nature the elastic forces. 

the beginning the Nineteenth Century the development the theory 
structures Russia was greatly influenced two Frenchmen, Lamé and 


This discussion (of the paper Westergaard, Am. Soc. E., presented 
the meeting the Structural Division, Philadelphia, Pa., October 1926, and published 
April, 1928, Proceedings), printed Proceedings order that the views expressed may 
brought before all members for further discussion. 


Ann Arbor, Mich. 

Received the Secretary, June 1928. 
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Clapeyron, who were professors one the oldest Russian engineering 
schools, “The Institute the Engineers Ways Communications”. This 
school was opened 1807 and later had prominent the development 
engineering education Russia. Professor Jouravski this school was 
charge the building the first railway bridges Russia and was one 
the first develop methods determining the forces members 
truss. The Ministry Ways Communication was skeptical about his con- 
that the Howe truss the forces the verticals (bolts) produced 
uniformly distributed load increase from the middle the span the 
supports. order demonstrate his theory, Jouravski used interesting 
model. The verticals were replaced strings and from the tones these 
when plucked, the stress differences were readily shown. 

gave also the elementary theory shearing stresses beams, which 
now found all books strength materials.* 

concerns curved bars, Golovin was the first give exact theory 
the bending curved bars rectangular cross-section.t His work, pub- 
lished Russian, remained unknown Western Europe, and his solution was 

The theory elastic stability was advanced considerably the work 
Professor Jassinsky the previously mentioned engineering school. 
developed|| the theory the buckling bars having elastic lateral supports 
and applied this theory the investigation the stability compressed 
chords through span bridges. Jassinsky engineers are indebted also 
for the correct solution the problem the buckling bars compressed 
beyond the yield point. His books the mathematical theory elasticity 
and the theory structures also had great influence the development 
the teaching these sciences Russian engineering schools. 

Among the Russian engineers the beginning the Twentieth Century 
may mentioned Kriloff, who made considerable progress the theory 
vibration bridges and ships§ and Boobnoff who became prominent 
because his work the theory the structure ships.** gave very 
complete treatment the bending rectangular plates submitted simulta- 

hydrostatic pressure and tension the middle surface. 
was also the first give accurate solution the problem bending 
slabs with built-in edges. 


gaard’s condensed and well co-ordinated summary the successive steps along 
the several important structural analysis, should stimulative and 


Annales des Ponts Chaussées, 1856, 328. 

Bulletin, Technological Inst., St. Petersburg, 1881. 

Comptes Rendus, 1889. 

“Theory St. Petersburg, 1892. 

Mathematische Annalen, Vol. (1905). 
“The Strength Vols. and II, St. Petersburg, 1913. 


Secy., United Eng. Soc., and Director, Eng. Foundation, 
Received the Secretary, May 1928. 
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helpful further progress. convenient and interesting historic 
narrative and annotated bibliography; but more. Professor Wester- 
gaard has produced orderly series skillful, critical, and lucid analyses 
the contributions the several distinguished workers the field, who 
have made modern methods structural analysis feasible. This summary 
illuminates the subject, makes relationships apparent, and indicates need 
for further researches. 


The paper also emphasizes the facts that modern engineering truly 


That much vaunted “horse sense”, untutored, longer safe sufficient 
equipment for the design present-day structures which human lives, 
limbs, and fortunes are committed. Adequate preparation for the practice 
such engineering demands, also, better teaching than has been offered 
some engineering colleges years gone by. 


such compact form, the original contributions the science structural 
analysis, the author has presented paper which ranks value far above the 
usual historical scientific paper. Although attempt was made explain 
the methods attack the men whose contributions are mentioned, the 
results applicable structural analysis well the effect one man’s 
work upon succeeding generations are clearly outlined. spite the enor- 
mous amount historical data, the paper written style which makes 
interesting reading. The addition footnote references the more impor- 
tant contributions makes this paper quite valuable outline for the research 
student this field. to.be hoped that will given widespread distri- 
bution among students and research workers. 

The paper deals entirely with theoretical analysis applied structural 
design. would interesting have parallel discussion the experi- 
mental work contributed great number the men whose names are men- 
tioned the author’s discussion, well others, which has been used 
check the theories proposed and put the study scientific basis. 

The discussion deals chiefly with statics, that portion structural analysis 
which used mostly the membership the Society. However, great 
number the contributions mentioned are really only special cases the 
general theoretical discussions dynamic principles. Considérable simpli- 
has resulted the very complicated equations for the general solu- 
tions most dynamic problems the use vector notation and vector 
processes. This merely method reducing the mechanical labor mathe- 
matical derivation new method placing certain ideas symbolic 
form. The resulting vector mechanics has been applied the mechanical and 
electrical fields well the aerodynamic field. However, the recent 
expansion structural design the work required airplane and airship 
production practically necessitates the inclusion the general dynamic prin- 
ciples the list contributions the field structural analysis. The 


Received the Secretary, July 1928. 
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application stress analysis for non-homogeneous bodies, such reinforced 
concrete, has found fertile field the design airships various com- 
binations rigid keels and non-rigid envelopes. found that great 
number very theoretical contributions stress analysis are quite applicable 
the actual design such structures. 

Although separated the text, the work elastic stress Cauchy and 
Lamé are complementary, and together they give the general solution 
the magnitude (by Cauchy) and the direction (by Lamé) stress. The 
results, analytically, are quite complicated; considerable simplification has 
been introduced Foeppl the use vector notation. 

The author has omitted fairly important contribution the subject 
elasticity based the so-called energy function. this basis, Kirchhoff and 
Helmholz independently showed that isotropic elastic body can defined 
completely two elastic constants, the modulus shear rigidity, and 
the bulk modulus elasticity. Experimentally, the latter constant was studied 
Karman.* His work small subjected simultaneously hoop 
and longitudinal pressures supplements his work columns ductile mate- 
rials mentioned the Following the same idea the energy func- 
tion, Mr. Slocum has derived general formulas for the shearing deflection 
beams arbitrary, variable, constant cross-section and also general 
formula for the torsional Most the relations indeterminate 
structures can easily deduced from the idea the energy function. 

The writer recently presented paper the subject “The History 
the Development Lateral Earth and quite surprising 
find how much repetition there names contributors the field 
structural analysis and that soil mechanics. Both subjects seem start 
with the same man, Coulomb, although previous work great number 
men had paved the way. Just Navier, Cauchy, and Poisson founded the 
theory elasticity, Navier his generalization Coulomb’s theory 1826 
the cases surcharged walls and also the cases soils containing 
cohesive well frictional resistances, and Cauchy and (whose 
works were the bases the earth pressure theory Maurice Levy, St. Venant, 
and Boussinesq), can classed the founders the present two schools 
soil study. 

seldom realized how much progress scientific study has been lost 
because poor translation the inclusion the translator’s own ideas into 
book which bears the name the original author. result, 
will often found the reported contributions certain men any one 
subject, and quite important that the original references consulted for 
true evaluation. this respect, Professor Westergaard’s paper especially 
good and, therefore, reflects considerable credit upon its author. 


Zeitschrift des Vereines deutscher Vol. LV, 1911, pp. 
Proceedings, Am. Soc. E., April, 1928, Papers and Discussions, 1006. 
Journal, Franklin Inst., April, 1911, and July, 1912. 

Proceedings, Brooklyn Engrs. Club, January, 1928, pp. 
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LOAD DISTRIBUTION HIGH ARCH DAMS 

Discussion* 

ied 

value represents the latest results arch dam research from all over 
the world. properly applied, this method analysis will make possible the 

determination maximum stresses with sufficient accuracy satisfy the most 
conservative requirements engineering design. These requirements pertain 
engineering practice and must kept apart from purely scientific require- 
ments long dam designing done engineers and not physicists. 
The elastic behavior isotropic substance fully described the 
modulus elasticity, and the coefficient transverse contraction, 
(Poisson’s ratio). The stresses such substance determined 
the commonly known formulas. For anisotropic substances obeying Hooke’s 
ning however, and must replaced different constants 
Which will quickly make the derivation respective formulas impossible for 
nant, practieal use. What would mean make theoretically exact analysis 
isgiven the fact that concrete not only anisotropic, but that misbehaves 

With regard Hooke’s law. The dam designer, therefore, must thankful 
into for simple formulas, provided they are the side economy and safety. 
Lhe stresses thereby determined various points the structure must then 
one considered average stresses certain zone around these points. 
for 


The tests the Stevenson Creek Dam have shown that the theory 
holds good for relatively thin arches, which corroboration many tests 
bridge arches previously made the United States and abroad; but the 
Stevenson Creek Dam not representative high arch dam, and neither 
the stress distribution shown the tests. The writer believes that the 


cially 


Discussion the paper Sutherland, Assoc. Am. Soc. E., continued from 
September, 1928, Proceedings. 


Designing Engr., Quinton, Code Hill, Los Angeles, Calif. 
Received the Secretary, July 17, 1928. 
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volume alone will materially affect the load and the stress distribution. This 
will favorable influence due its equalizing tendency. 

The assumption unyielding arch abutments justifiable the rock that 
forms the abutments solid and least strong the concrete the 


arch. would not accordance with good engineering judgment build 


arch dam site not conforming this condition. Even gravity dam 


with sufficient curvature permit arch action would unwise selection 


because the arch pressure the top part times likely much 
excess the bottom pressure the cantilever maximum height. Conse- 


quently, displacement the arch abutments—with its well-known destructive 


effect hingeless non-reinforced arch—is quite possible. 


The designer often asked prepare preliminary design arch 
dam for the purpose cost estimate within such short time that 
rate analysis out the question. then necessary use short cut 
which leads both safe and economical result. The time element enters 
into the proposition beginning with the design! The number sections for 
which the deflections are analyzed must then reduced minimum, pos- 
sibly sections through the center and the quarter-points, even just 
one section through the line maximum height. the case extremely 
short notice the writer has found that designing dam, much 300 ft. 


height for arch action only, allowing initial stress 400 lb. per sq. in. 


the crown and 365 lb. per sq. in. the springing line, the volume con- 
crete will compare favorably with-that obtained through accurate design for 
dam sites ordinary, that is, parabolic, shape. The tensile stresses the 
vertical beam which may disclosed accurate design should never cause 
much concern inasmuch the reinforcing steel required take care them 
will seldom exceed the cost. investigation the Sawpit Canyon 
Dam the Los Angeles County Control System, for example, has 
shown that the tensile stresses the vertical beam due simultaneous 
influence full water load, shrinkage, drop temperature, and elastic yield 
abutments, could have been safely provided for with worth rein- 
forcing steel (less than 0.8% the cost). Since the introduction reinforced 
concrete, the fear tensile stresses unwarranted. 

The writer has often used the ellipse elasticity both bridge and dam 
design and, therefore, pleased see used the author. While the 
tions for elastic thrust and deflections due uniform load are not simpler 
than those obtained the work method, the elastic ellipse affords excellent 
analysis thrusts and deflections due non-uniform and 
loads. the case circular arch under uniform load (see Fig. 19), assume 
that the arch encastré the right end and free the left, perfectly rigid 
Obviously, then, the only condition for equilibrium that the tangential 
tions the center line the arch each end, combined with the resultant 
the load, must form closed triangle. Starting from the free end and 
letting one arch element after the other become elastic, the theory the 
ellipse elasticity shows that each element will, under the influence the 
resultant, all the forces acting distance, from its center 
gravity, undergo angular displacement: d(48) This 


displac 
respect 
may 
whic] 
the cent 
§, whicl 
Using 


the ellipse elasticity the element. 
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displacement rotation takes place about the anti-pole the force, with 


These elemental rotations 
may considered weights acting the anti-pole each element. Tf, 


therefore, the whole arch has become elastic, its angular displacement must 


the sum all the elemental displacements and must take place about the 


gravity the elemental rotations acting weights. 


Fic. ARCH, UNIFORMLY LOADED. 


The supplementary force, necessary establish equilibrium the 


arch, may found from the conditional equation: 


For circular arch under uniform load the line pressure coincides with 


which, made unity, once disappears from the equation. 


Therefore, 


0 


sing the author’s notation: 
N=pr 


‘0 


ft. 
in. 
the 
hem 
normal distance from the elastic center the whole 
dam 
qua- 
igid. 
and 
the 
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(Fig. 19) parallel 
Ss 


0 


Therefore, 


which identical with Equation (24).* 

The real value the foregoing theorem lies its application arches actio 
under non-uniform, non-symmetric loads. therefore, longer acts along 
the but lies obliquely it, producing component both the lin 
and the y-axes. graphical analysis will then give quickest results. Such rays 
analysis shown Fig. 20. The arch divided into elements equal and 
finite length and their centers gravity, elastic weights, and are deter- 
mined. The center gravity the elastic weights the whole arch then 
determined and through it, the and y-axes principal axes inertia the 
and minor axes the ellipse elasticity the whole arch are 
then computed and plotted, and the ellipse drawn, thereby establishing 
the elastic properties the arch which are constant for one and the 
same arch and, therefore, are not affected any load the arch. 

The elemental division lines are now extended into the load area, the 
mental loads are computed and combined convenient scale with arbi- 
trary pole force polygon. The corresponding funicular polygon then 
drawn any position, observing, however, for the sake simplicity that 
does not intersect the arch axis. After determining the anti-poles the forces the 
(line pressure), with respect the elemental ellipses elasticity, and let- 
ting the elemental rotations, act the anti-poles _weights 
Proceedings, Am. Soc. April, 1928, Papers and Discussions, 1048. 


and, 
Introducing these values, 
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parallel both the and the y-axes, their center gravity, may found. 
also, the anti-pole with respect the ellipse elasticity 
the whole arch, the position once determined and its magnitude is: 


Fic. 20.—GRAPHICAL ANALYSIS ARCH. 


plotting from Pole negative, that is, contrary its direction 
action, the true pole, established. The two force polygons, the tem- 
porary and the true one, are affined with their axis affinity. The 
true line pressure, therefore, found remembering that corresponding 


(forces) intersect the axis affinity. For change temperature 


49, whereby material reduction computation effected. This approx- 


imation gives somewhat smaller values for and and, therefore, the 
side safety. 


using the conception the combined cantilever and arch action 

comparatively well known. One investigation, dealing with the arch crown 
dates back and several attempts have been made determine 
the stresses other points besides the crown. The author’s method analysis 


Angeles, Calif. 
Received the Secretary, July 23, 1928. 


“On the Strains Curved Masonry Dams,” Vischer and Wagoner, Transactions, 
Soc. the Pacific Coast, December, 1889, 75. 
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was applied the design the Jogne Dam* Switzerland, and several 

Professor Guidi also gives several sets equationst for the determina- 
tion stresses various points the arch, using the cantilever and arch 


action theory. states, however, that although the solution these 


tions presents special difficulty, they are little practical value because 
the number the unknowns determined too great. Consequently, 
order simplify the analysis, Professor Guidi has assumed the distribution 
the water pressure vary according parabolic law with full water 
pressure the abutments, diminishing three-quarters this pressure 
the crown. The cantilever action entirely neglected this case and the 
elementary arch analyzed independent unit. This assumption based 
the result his and 

The author’s trial-load method seems quite laborious indicated the 
incomplete analysis described the paper. The lack detail great dis- 
advantage those who desire follow the method closely. the other 
hand, complete derivations some the formulas presented have been pub- 
lished Professor Guidi. 

The practical importance these formulas, based the theory the 
ellipse elasticity, may questioned when compared with other well known 
analytical methods. 

The author also submits Professor Guidi’s (modified and im- 
proved), for the determination the stresses arch constant thickness 
due uniform water pressure and change temperature. means 
determining the effect non-uniform water pressure the stresses, the 
author has extended Professor Guidi’s influence cover some special 
cases. This perhaps the most valuable part the paper, which will serve, 
somewhat, familiarize American engineers with Professor Guidi’s scientific 
investigations the design arch dams. 


“Etude sur les barrages arqués,” Stucky, Bulletin technique Suisse romande, 

“Analysis Arch Dams the Trial Load Method,” Howell, Am. Soc. 
and the late Jaquith, Esq., Proceedings, Am. Soc. E., Papers and Discussions, 
January, 1928, 61. 

“Studi sperimentali costruzioni cemento armato,” Guidi, Estratto dal rendi- 
conto dell’ Riunione dell’ Associazione Italiana per gli studi sui materiali costruzione, 
Turin, 1926, 18; its French translation, expérimentales sur des constructions 
béton armé,” Paris, Bulletin technique Suisse romande, 1927, 19; 
termiche una diga volta,” Guidi, Estratto dagli Atti della Reale Accadimia delle 
Scienze Torino, Vol. LXII, 1927. 

delle dighe per laghi Guidi, Turin, 1921, 71; and dighe 
Guidi, Estratto L’Ingegnere, Vol. August, 1927. 

“Statica delle dighe per laghi Guidi, Turin, 1922, Appendix, pp. 
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THE DESIGN TALL BUILDING FRAMES 
RESIST WIND 


Discussion* 


AND Everett 


Am. Soc. (by letter).t—The theory involved 
this method has one point which, the writer believes, needs further elucida- 
Equations (10),§ (12),§ (13)§ and are written were con- 
stant for columns above and below the floor. This assumption can shown 
that the values the columns must proportional their lengths. This 
condition does not occur generally the first story, which apt higher 
than the second. The method also becomes questionable where two-story 
divides the building into sections different story heights. Subject 
these limitations, this method gives more accurate results than the usual forms, 
considerably less cost labor than the straight use slope deflections. 
There the general question the whole underlying assumption the 
exact theories, which ought fully discussed before designers come 
final conclusion method. the first place, the steel required 
hold the building against wind while the walls are under construction, 
but question whether, after the masonry place, its effect the 
the building appreciable; that is, whether doubling the amount 
wind-bracing makes appreciable change the period and amplitude 
This doubt does not course apply Another 
question whether the ultimate strength any consequence, since 
the hurricane Miami, Fla., building with well-constructed masonry was 
Again, granting that desirable use wind-bracing safety 
the real point where judgment and experience are applied practice 


*This discussion (of the paper Albert Ward Ross, Jr., Jun. Am. Soc. E., and 
Morris, Am. Soc. E., presented the meeting the Structural Division 
Columbus, Ohio, October 13, 1927, and published May, 1928, Proceedings), printed 
Proceedings order that the views expressed may brought before all members for fur- 
ther discussion. 

Designing Engr., Gunvald Aus Co., New York, 

the Secretary, January 24, 1928. 
Proceedings, Am. Soc. E., May, 1928, Papers and Discussions, 1411. 
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not much the choice theory the choice unit load. Shall 
lb., per sq. ft. the steel? The writer has designed 
large building for and much smaller one for lb.; and has felt 
more uneasy the latter, respect possible complaints from tenants 
about vibration. After all, one deciding between unit loads such 
wide range, how important 30% error the mathematical 

still more fundamental question is: What meant adequate 
design for wind resistance? Any decent design will stand hurricane, 
the Miami storm demonstrated; sometimes tenant moves out because 
the vibration storm makes him uneasy. Perhaps the real problem not 
safety, but the avoidance those periods and amplitudes vibration which 
are perceptible human beings. this the case, then unit loads and 
stresses are all purely nominal; they are expressions designer’s judgment 
the probable motions which may occur the particular building 
question and how annoying these motions might people office, 
lying bed the dark, the case may be. Designers ought, perhaps, 
take more into account the shape the building, even the extent judg- 
ing that too slender can under circumstances designed 

Obviously, what the writer proposing that structural engineers shall 
led the realization that wind-bracing not altogether science, but 
some ways art—the adjustment material structure the somewhat 
intangible requirements the human nervous system. This extreme 
statement, but expresses fact that should kept mind. 
rough however elaborate the method, what. the structural engineers shall 
judged is, practically all cases, the “feel” the structure and noth- 
ing else. 

The fact that practice wind-bracing largely matter judgment 
makes particularly valuable have thorough studies made the subject, 
such that Professor Morris and Mr. Ross. Any one who has thoroughly 
studied the Ross method and has understood it, has thereby definitely im- 
proved his capacity decide correctly the judgment required. 
has also improved his understanding the scope and limitations the 
mathematical theories common use. The writer convinced, therefore, 
that this paper will permanently valuable addition the literature the 
subject, spite all reservations the limitations mathematical 
methods general. 


Am. Soc. high and narrow buildings 
irregular shape part the design difficult that the wind-bracing. 
office buildings, columns are usually lined up, but high apartment build- 
ings they are likely placed haphazard, and the task providing path 
for the wind forces made very perplexing indeed. 

The most difficult points are found be: First, apportioning the 
values wind shear the various bents according stiffness; second, 
appraising truly the resistance offered beams varying depth 
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all bent; and, third, avoiding tendency impose any given bent shear 
and moment which will develop uplift greater than conservative pro- 
portion the gravity load the column. 


computing the relative stiffness bents necessary assign approx- 
imate values the length columns and girders. Where moment connec- 
tions different types are used, this becomes very difficult. For instance, 
some connections are riveted brackets, obviously the end rivets the brackets 
will produce bending the angle flanges. the other hand, for 
the lug connections which are very positive, the only ambiguity 
length due width column and depth beams. angle lug connec- 


nts 


ate 
ne, 
use 
not 


tion and lug connection both involve ambiguity the value 
used determining stiffness, although the assumption that lateral 
ent movement equal all points any floor would indicate that any bracket 
connections are present, the lug connections cannot over-stressed. 
very difficult make connections columns, the webs which are 
parallel the wall. Usually, where the wall major line bracing the 
inertia the columns about axis parallel the web not 
permit placing the webs normal the wall. 
The development multiple punching and drilling makes the detailers 
hall and fabricators very eager keep typical gauge spacing. This makes diffi- 
cult secure such gauges angle brackets that the rivets can counted 
Eccentricity wall-spandrel connections columns should carefully 
ever places where the moment the column produced wind 
approximately equal the allowable strength the column. The speaker 
that attachment one flange parallel the wall enables him 
count little more than the moment inertia that one flange. If, the 
other hand, the connection column with webs parallel the wall, 
made that the outer flanges are securely tied together, assumes that the 
limit strength, the full the column, determined the floor 
attachment the spandrel girders and the torsional stiffness the spandrel 
connection. 
the Many unsymmetrical conditions make the application the most simplified 
the authors’ formula inapplicable many buildings. The attempt make 
the solution the combined action many bents many stories 
would involve tremendous amount labor and would not exact. 
The design the wind-bracing most buildings has done great 
speed. The speaker thinks better therefore use conventional assump- 
regard points contraflexure and distribution shears, modified 
allow for symmetry and variations stiffness, than attempt 
greater refinement calculation. 
path (by broad classification methods for 
designing tall building frames resist wind is: 
methods (often called “exact” methods) and, 
methods (often called “approximate” methods). 


*Am. Bridge Co., New York, 
Received the Secretary, June 19, 1928. 
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theoretical method but little use unless workable, that is, prac- 
tical follow. ideal method would based sound theory and also, 
would workable. Let emphasized that method should used for 
the sole reason that can worked quickly and with ease. Safety should 
always come first, regardless the time takes provide for it. Lack 
time make better one not valid excuse for engineer offer for 
poor design. 

The so-called exact methods have one fault common—they are not work- 
able. The oldest them that Mr. Ernst Jonson,* and the least work- 
able any method ever presented is, probably, that Cyrus 
Am. Albert Smith, Am. E., presented his “method 
least work” The Wilson and Maney slope-deflection method 
simpler than any the preceding ones, although the number equations and 
unknowns mounts rapidly with the number stories. Messrs. Ross and 
Morris found that thirty-two these were required for the lower eight stories 
the building they considered. 

The tall building frames—the skyscrapers—in the United States are counted 
the thousands, and the number steadily increasing. More than one hun- 
dred applications for permits build structures twelve stories more 
height have been filed New York City alone each year since 1918. 
doubtful “exact” methods wind been used 
connection with dozen all the high buildings thus far erected. The writer 
personally knows but three. 


come now the paper under discussion—from theoretical standpoint, 
excellent. The assumptions and the method calculating stresses are 
sane although pertinent ask whether the actual conditions will agree 


with these assumptions the determination stresses. They may more 
nearly than other methods. The writer, however, has intention pass 
judgment the technical merits the paper—this will left others; 
will only ask, “Will the proposed method used any extent the design 
future high 

answer frankly, the writer believes that the method will used but 
little. The reasons for this opinion are obvious from the section entitled 
“Routine Outline Used Design.”§ Paragraph stipulates that the 
columns proportioned carry the live and dead load, together with bending 


graph calls for “key girder” designed. The next step 
tion the other girders their relative K’s and check see that the allowed 
unit stresses are not exceeded for live and dead loads. 

The preliminary design now completed “and will usually found 
differ materially from theoretical proportions”. The revision stresses 
stated Paragraphs conservation forbids reproducing them, 
but the steps taken involve more time than can given the great 

Transactions, Am. Soc. E., Vol. (1905), 413. 

Bulletin No. Coll. Eng., Ohio State Univ. (1912). 


Journal, Western Soc. Engrs., Vol. (1915). 
Proceedings, Am. Soc. E., May, 1928, Papers and Discussions, 1417. 
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majority those called design the steelwork high buildings. This 
may lamented, but fact. The statement* that “the new method 
requires little more time than required for any the approxi- 
mate methods common use”, will disputed, not flatly contradicted. The 
further statement that the entire set for Wilson and Maney 
90-story bent was made the writers the paper six hours will not carry 
great weight. While this may done the occupant Professor’s chair, 
seldom can done elsewhere. 
Time alone will show what extent the method will used. may 
interesting note that while this discussion was being written, engineer 
was designing wind bracing accordance with the authors’ method. had 
far the fourth paragraph the “Routine Outline” when, seeing 
that had thirteen more steps take, switched over approximate 
method. 
ries stated the authors, various methods for determining wind stresses 
frame buildings have been presented the writer from time time. 
ited The latest these and the one that represents his best thought given the 
methods. One these may called the “cantilever method” for determining 
wind stresses the gusset-plate type high This slight modi- 
No. which the authors believe “may give results which are seriously 
The Bethlehem Steel Company follows this method the section, “Wind 
Stresses Tall Buildings”, its handbook entitled “Bethlehem Structural 
Shapes”. based the following assumptions: (1) All columns given 
story have equal sections, and the direct stresses the columns due wind 
proportioned the distances the columns from the neutral axis the 
bent; (2) the point contraflexure each column the mid-height the 
story, and the point contraflexure each girder its mid-length; 
the resultant the wind pressure acting between two successive points con- 
but traflexure applied the intersection column and girder; (4) the joints 
are perfectly rigid. will noted that Assumption (1) will cause the bend- 
the ing moments the floor girders vary. 
second method may called the “portal method.” This one the 
methods declared Wilson and Maney “so inaccurate that they should 
The total horizontal shear any story divided equally between the 
aisles. outer column thus takes only one-half the shear 
interior column. Assumption (1) the “cantilever method” would, therefore, 
have all stresses due wind the exterior columns. Assump- 
tions (2), (3), and (4) remain unchanged. will noted that the bending 
due wind, for all girders the same floor any transverse bent, 


Proceedings, Am. Soc. E., May, 1928, Papers and Discussions, 1433. 


Stresses Many-Storied Robins Fleming, Engineering, May 25, 
28, pp. 625-628 


Bracing with Knee-Braces Gusset-Plates,” Wilson, Engineering Record, 
eptember 1908, 272. 
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are alike. This ideal condition for the detailer and the shop. 
designer finds this method very simple, and his work may easily 

one time, after carefully designing 20-story building according the 
method,” the writer found that the detailer had made all end con- 
nections girder beams the same floor alike. detailing, the sum the 
girder moments the floor transverse bent had been divided the 
ber girders and the result had been used the average bending moment. 
Incidentally, one advocate the “cantilever method” does this regularly. 


course, this tends throw direct stresses the exterior columns, the 
method.” 
After the Florida hurricane, was found that the floor construction 


buildings was little damaged. Hardly crack was seen stone cinder 
concrete floors where windows were blown and walls considerably shaken. 
This would seem indicate that horizontal wind pressure was distributed 
the floor all columns. One engineer, with wide experience the design 
the steel frame high buildings, determines the total wind shear story 
and divides among the columns according their respective moments 


inertia. 


The writer believes that either the foregoing methods, followed con- 


sistently with such modifications may needed the case under con- 
sideration, will give safe structure without undue waste material. 
would not for moment consider such building poorly designed. 


present inclined give preference the “portal method”. 


Monumental structures and those embodying special unusual features 


are class themselves and should considered separately. The Ameri- 
can Insurance Union Building belongs such class. The owners are 
congratulated having the wind stresses determined under the direction 
such able engineers. 


Everett Assoc. Am. Soc. (by writer 
spent considerable time recently applying the slope-deflection method 
building frames.§ One part the work was the solution three different 
frames for lateral loads. Frame was symmetrical, two stories high and 
two bays wide; Frame was nearly symmetrical, three stories high and four 
bays wide; and Frame was very unsymmetrical, three stories high and 
four bays wide. 

The method proposed the was applied these frames. The 
results were very nearly those obtained the exact method (even the very 
unsymmetrical frame) except for the basement columns and first floor girders. 
These results were uniformly too large. The differences were considerable 
for Frames and The reason for these discrepancies that the actual 


points contraflexure the basement columns lie above the mid-height. 


The method given Milo Ketchum, Am. Soc. E., his Mill Build- 


ings” and other writers. 
Engr., Kalman Steel Co., Chicago, 
Received the Secretary, August 13, 1928. 


Stress Analysis Frames Skeleton Type Office Buildings,” 


thesis for the degree Master Science Iowa State Coll., June, 1928. 
Proceedings, Am. Soc. E., May, 1928, Papers and Discussions, 1415. 
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Frame the actual point contraflexure some the columns was 
above the upper quarter-point. 

The points the basement columns depend the relative 
stiffness columns and girders. Fig. the ratio the K’s the girder 
the K’s the column plotted against the point contraflexure. might 
seem that there were not sufficient points justify drawing curve, but 
little reasoning will show that for infinitely small ratio there would 
point contraflexure the column; therefore, the curve will ver- 
tical axis 1.00. Similarly, for infinitely large ratio, the girders would 
rigid and the point contraflexure would fall the mid-height; therefore, 
the curve will asymptotic the horizontal axis 0.50. 


Story Building, Wilson Maney 
OFrame A 


Distance point contraflexure from bottom column 
Bottom Story height 


Ratio 


1,90 1.50 2.00 

columns above and below Joint 


Ratio 


Both the American Insurance Union Building and the twenty-story build- 
ing analyzed Wilson and Maney* are slender buildings. Consequently, the 
the K’s their lower girder the K’s the column large and the 
points contraflexure fall near the mid-height the columns. For this 
the discrepancies the authors’ solutions are small. building 
having about the proportions twenty stories high eight bays wide, the 
will fall the upper part the curve (Fig. that would seem 
worth while predict the point contraflexure before calculating the first 
floor girder moments. 
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PROPOSED FORMULA FOR COLUMNS 


Discussion* 


isa parabola, and that the curve, is, relative cosine curve 
half wave length equal The curve, given the equation, 


the bent axis, assumed cosine curve half wave length 
equal 


the deflection, y,, obtained as, 


not clear just what the advantages the proposed formula are. 
shown the dotted-line curves Fig. the proposed formula for columns 
with pivoted ends can approximated the Johnson parabola and the 


Euler curve, which tangent the parabola; that is, for 118, the 


curve, 


*This discussion (of the paper Hickerson, Am. Soc. E., published 
May, 1928, Proceedings, but not presented any meeting), printed Proceedings order 
that the views expressed may brought before all members for further discussion. 


Asst. Prof., Structural Eng., Cornell Univ., Ithaca, 

Received the Secretary, May 14, 1928. 

Proceedings, Am. Soc. E., May, 1928, Papers and Discussions, 1438. 
Loc. cit., 1436. 
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solv 
and, for 118, the curve, 
course, 
The approximation excellent for values between and 120; and for 
r 
larger values the values are somewhat smaller, corresponding (with 
may 


30000 000 per sq. in.) factor safety about for centrally 
loaded columns. should remembered, also, that the proposed formula 
based the assumption arbitrary values and and that, general, 

different formula will obtained for another set values. Little known 
about the actual values these quantities practical column. 


Parabola 


and, 


20 40 60 80 100 120 140 160 180 200 220 240 260 280 «|. 
Ratio 


The Johnson formula and the Euler formula have the advantage 
being easy use when question designing column. The former may 


The quantity, has the same value for all cross-sections which are 


similar, and varies slowly for cross-sections which are nearly similar, 
for example, for rolled steel sections any given approximate shape. Values 


for number different cross-sections are given With 


and known and with the form cross-section selected, only 


eEOo7nO7O 
ae ~ 
| 
c 
8) | 
° 
<= 
6 
' 
he © 4 
> 


Papers. OSGOOD PROPOSED FORMULA FOR COLUMNS 2403 


solve for pick out the proper section, and possibly check the value 


found for substituting the correct value this value differs 


from the first value used. The second formula may solved, 

000 000 
with the same way, the proposed formula for columns with restrained ends 
may replaced advantageously the formulas (see full-line curves 
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THE STIFFNESS SUSPENSION BRIDGES 


Discussion* 


developed the author should serve advantage check the estab- 
lished procedure; its mathematical concept clear and ably expounded. The 
title, however, misleading, giving does the impression that the subject 
matter deals with the stiffening system from the standpoint comparative 
design, whereas found purely mathematical treatise which 
developed which calculations can made “much shorter 
time than the usual method.” 

This description suggests the possibility applying this method the 
preparation cost estimates. this connection the writer has recently had 
prepare complete and exhaustive estimates and investigations 
the cost proposed suspension bridge over the Mississippi River New 
Orleans, La. These investigations were extended comparisons fixed 
and rocker towers, eye-bar and wire cables, also the combination the cables 
with part the top chord the stiffening truss, and the variation the 
depth the stiffening truss after the method used Steinman and 
William Grove, Members, Am. E., the design the Florianopolis 
Bridge,§ was reviewed well. 

Estimates were first based the elastic theory and then revised the 
deflection method. the results obtained were compared with esti- 
mates prepared from the data and curves presented Waddell, 


Am. The agreement was within 3%, which amounts 
Practical check. 


*This discussion (of the paper Timoshenko, published May, 1928, 
but not presented any meeting), printed Proceedings order that the 
expressed may brought before all members for further discussion. 


Chf. Bridge Designer, New Jersey State Highway Comm., New Brunswick, 
Received the Secretary, June 1928. 

Proceedings, Am. Soc. E., May, 1927, Papers and Discussions, 707. 

Transactions, Am. Soc. E., Vol. (1927), 884. 
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The considerable labor involved determining satisfactory basis 
estimate amounted virtually complete design regards fundamentals, 
and the results finally obtained indicate that for all practical purposes 
preliminary estimates, curves such those prepared Mr. Waddell 
sufficiently accurate. well known that very few engineers are called upon 
design suspension bridges; and then, many cases, such work goes 
further than preliminary estimates cost. 

Most engineers are inclined view with certain skepticism any 
matical “short-cuts” with which they are unfamiliar; and, used, check 
them thoroughly with methods they are accustomed employ. The paper 
under discussion presupposes facility with the calculus that, the 
opinion, majority able and practical designers not have. The method 
developed this paper some extent shorter than that ordinarily used 
this nature; but the practical value such shortening 
seems somewhat doubtful. 

the rare occasions that the engineer called upon design suspen- 
sion bridgework, his first and all probability his only necessity for quick 
methods calculation will have with the preparation preliminary 
estimates cost. Once the work the hands the designers for final 
development, the matter time involved design calculation becomes 
small moment; and the bending moments and deflections the 
truss constitutes very small part the work involved. 

While perhaps interest the engineer who has flair for abstract 
mathematical analysis, the writer believes this paper largely another 
leaf the already imponderable tome matter that serves but small 


minority and little value the busy engineer the practice his 
profession. 


eminent authority the field applied mathematics, shows that trigono- 
series can utilized good advantage computations pertaining 
suspension bridges. hoped that the future such series will 
well known and frequently used civil engineers they are now the 
mechanical and electrical 

The writer, however, cannot agree with the more specific procedure recom- 
mended this paper. The author assumes that the additional horizontal 
component, from the live load, may neglected comparison with 
the horizontal component, H,, from the dead load, and, this basis, 
finds maximum deflection, in. for concentrated load 
100000 lb. the middle the main span the Manhattan Bridge. 

This correct enough according the author’s method, which amounts 
assuming the cables carried over sheaves and counterweighted 
tain constant stress them, but does not represent actual conditions 
suspension bridges. the assumption were correct, large bridges would 
deflect ft., more, and their stiffening trusses would break. Using 


Prof., Norges Tekniske Trondhjem, Norway. 
Received the Secretary, June 18, 1928. 
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the author’s numerical data, the correct value found approxi- 
mately in. 
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computing the author has entirely ignored the condition that the 


horizontal projection the cable must equal the distance between anchorages. 
Without this condition, some form other, the deflections and stresses 


cannot determined. 

The deductions this paper are also based Equation (4)* which 
frequently encountered books and discussions and seems universally 
accepted correct—which not. 

The writer has found that the exact differential equation rather com- 
plicated, but that assumes simple form the cable strain—that is, the 
elongation the cable under live load stress from temperature, neglected. 
that case, and assuming parabolic cable the equation will be: 


which, the slope angle the cable curve any point, and, 
Equations (4) and (23) differ only the last term the right-hand side. 
Ordinarily, Equation (4) constitutes good approximation. This par- 
ticularly true for cables with small sag ratio, although the effect depends 
largely also the type loading. should borne mind, however, 


that the errors resulting from the use Equation (4) are, some cases, not 
altogether negligible. 


Proceedings, Am. Soc. E., May, 1928, Papers and Discussions, 1466. 
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IMAGINATION CITY PLANNING 


Discussion* 


agrees with the author that orderliness and harmony constitute the 
main features city planning, but prefers the latter the “soul” 
city planning. Without this soul harmony city, life would intoler- 
able and, sooner later, decay would overtake it. truth, “harmony” 
the soul the eternal life the Universe and Nature; and city is, after 
all, man-made model plan the habitable universe, some limited way. 
Following, therefore, the fundamental laws Nature, city plan must fit 
perfectly with the past, strictly conform the present, and freely adapt 
itself the future. 

great Indian saint and author famous treatise the Indian sys- 
tems planning kingdoms responsible for the statement: “First plan the 
city (or town village hamlet) and then only lay out the buildings and 
houses; any violation this rule portends and brings evil.” India, the 
temple must always exist and must stand the center city, the heart 
the community, spite any advance the status industries and 
commerce. 

Garden city planning very ancient ideal India. All these traditional 
planning systems uniformly insist incorporating the city plans the ideals 
beauty, convenience, health, sanitation, and other amenities. stated, 
therefore, ancient city planning treatises, that “trees shall planted first 
and the dwellings erected thereafter; otherwise they will not pleasant, and 
will not look graceful and seemly”. also enjoined “sastras” (laws 
Planning kingdoms) that garden belt shall invariably surround city, 


the same way garden shall surround house; the amenities and the actual 
Discussion the paper Stephen Child, Am. Soc. E., continued from Septem- 
ber, 1928, Proceedings. 
Town Planning Asst., Madras, India. 
Received the Secretary, July 18, 1928. 
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needs city will then benefit exactly house does from its garden.” 
one finds remarkable feature all ancient Indian cities (towns and 
villages), the great boulevards and the dry garden belt circumscribing 
the beautiful avenues along roads and highways, and every house and building 
garden site its own. also enjoined “sastras” that site 
selected for city town construction shall planted with superior medicinal 
plants, trees, creepers, and vegetables, and shall every way lovely place, 
flat, even, and elevated country without burrow-pits and holes. 

The history India declares that careful selection sites and plant- 
ing good trees cities, people the past enjoyed good health, long life, and 
intellectual and material prosperity. Thus, seems essential that there must 
some ideal follow. will ludicrous, otherwise, expect much 
“imagination vision” city planning. the writer’s opinion, the garden 
planning ideal India should also the future ideal city planning 
every other country the world. 

The home is, truth, important factor city plan. Next in- 
portance are the essential public utility services. city must rise develop 
the proper fashion strictly conforming the various needs community, 
religion, society, politics, administration, commerce, industries, agricul- 
ture, and domestic life. Perhaps city plan can never complete, but pro- 
vided the ideal before the community, the city will developing the 
proper manner throughout the years. 

City plans will fall under various systems, and the writer would classify 
them for simplicity into four principal systems: 


1.—The limited—unitary system; that is, designing small cities limited 


dimensions and providing for one center only. The ancient temple and com- 
mercial cities India and presumably the cathedral cities Europe are 
examples such towns. 

2.—The limited combination joint system. this case there may 
two more centers, but the city dimensions are limited. All the principal 
capital cities ancient India are this system. 

3.—The unlimited free system, which city goes developing with- 
out limit, innumerable centers being created the need arises. Almost all 
modern cities, everywhere, are slowly developing some extent this system. 

4.—The satellite system, which several units—each planned independ- 
ently the other—are arranged about principal common center 
activity. The original planning kingdoms India was this system; that 
is, small town was made the common center ten villages rural towns; 
little larger town was made the common center ten such small towns; city 
was the common center ten larger towns, etc. Sometimes, city itself was 
planned that the administrative block was the center and the residential, 
commercial and educational blocks were arranged satellites some 
limited distances away from the center, with intervening park garden belts. 

Each these systems turn may adopt any the following 
ments streets: (a) The rectangular square type; (b) the diagonal 
radial type; (c) the circumferential type; (d) the segmental 
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type; and (e) the irregular type, the “plan-as-you-go” type, which 


with modern civilized ideals. The writer does not know whether 


e 
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does not follow regularly any the types mentioned. Each system and type 
planning has merit its own and should suit particular needs 
community. Much study and standardization systems and types for specific 
needs community are necessary, and this would mean the development 
the fundamental science city planning. India already possesses com- 
prehensive science planning and, although follows the ancient spiritual 
ideals the nation, has only applied and brought date 


America has any such science planning for its guidance. Until the estab- 
lishment comprehensive science planning must proceed with its 
developments very cautiously and city planning must certainly very com- 
plex and extremely difficult America. 

the writer’s belief that without the activities the commission 
described the author* comprehensive civic survey would result 
inadequate city plan. From his experience city and town planning work 
various corporations and municipalities Madras Province (South India), the 
writer has observed that slipshod methods that were vogue the past only 
resulted abortive and unsuccessful plans. Now that all local authorities 
have been advised prepare comprehensive civic surveys for their cities and 
towns, formulate general development plans and regular and systematic 
programs work undertaken the due order importance and urgency, 
hopes conditions will better. The preparation the civic surveys done 
under the guidance and supervision the officers the permanent Town Plan- 
ning Department under the Government. civic survey for one city (Vizaga- 
patam) has been completed and published; civic surveys for eight more cities 
and towns are being prepared and many other cities and towns will also begin 
surveys sooner later. special staff, paid entirely the local organiza- 
tions, working under the writer’s direction, and this arrangement enables the 
preparation the surveys very systematic and uniform manner and 
great economy the local bodies themselves. 

There are also other objects for undertaking the preparation civic sur- 
veys advance planning. Experience has shown that fundamental neces- 
sity human society that workers should live reasonably close their work. 
Before formulating plan, necessary ascertain where people 
work, where they live, and where congestion exists. some cases should 
practicable move the workshops. others, sufficient accommodation 
may found for the workers near their work utilizing waste spaces 
raising buildings several stories. Ordinarily, factories and indigenous 
trades which give subsistence large numbers working people should 
the outskirts and not near the center city. general neglect 
the close correlation the workshops and the residences the workers 
has led the failure many planning programs otherwise well conceived. 


communities and sections into which the population India 
proverbial, and has been considered practicable, carrying out 


Proceedings, Am. Soc. April, 1928, Papers and Discussions, 1012. 


Furthermore, the sharing interests and responsibilities among the 


and 
ling 
site 
and 
nust 
rden 
im- 
nity, 
icul- 

vith- 
all 
tem. 
that 
city 
some 


2412 WEIR IMAGINATION CITY PLANNING 


planning program, deal with particular communities corporate bodies 
rather than individuals. such means the detailed planning involved 
allotting sites to, and collecting rentals from, number individuals can 
facilitated, while the same time the communities themselves, their col- 
lective credit, are better position raise funds for buildings. 

The survey now recognized necessary precedent scientific 
and comprehensive planning cities and towns. future problems zon- 
ing, the survey would found immensely useful, particularly 
kept date. The responsibility for this initial survey well for its 
maintenance up-to-date form, has been placed upon the planning com- 
mittees the local bodies. 

Under the present Town Planning Act Madras Province, every Coun- 
cil has power appoint special town planning committees deal with special 
problems. Such committees may composed wholly members from the 
Council outsiders may co-opted one-third the total strength. has 
been found desirable that planning general should first discussed and 
then specific plans action decided, that the question constituting 
general planning committee for each city and town with co-opted representa- 
tives outside interests has been recommended the several cities 
and towns. 

The writer, therefore, fully agrees with the author that city planning 
commission important adjunct city council. would suggest 
further that all matters having any bearing planning improvement 
referred this commission and, necessary, that shall exercise the powers 
and perform the duties the City Council, far city planning 
concerned, and that the presiding member thereof have the powers and duties 
the Mayor. would perhaps little use for expert commission 
adopt general plan merely for development and leave the details ex- 
ecution the City Council. The preparation general plan but 
preliminary step and real difficulties arise when attempt made achieve 
it. would well the commission were both advisory and executive 
body. The duty enforcing the provisions city planning legislation should 
also vested such commission, but that may subject certain con- 
ditions and limitations. such case the commission may constituted 
follows: (a) Three members appointed the Mayor; (b) three members 
elected the City Council; (c) three representatives other interests elected 
nominated transport companies, chamber commerce, 
bodies associations; and (d) president elected the commission. 

The writer, therefore, advises the creation city planning commission 
that would very truth “the permanent Board Direction the 
the decision which city planning matters shall final. 


has been and the product imagination; from the moment the thought 
city the imagination responds succession mental images. irst 
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planning and replanning the modern city, great diversity citizen 
activity must perforce given thought. There are, to-day, literally hundreds 
individual activities the business living which must considered 
city planning such planning serve its original purpose. 

course these activities may grouped under general headings and con- 
sidered imagination, treating such group general diagnosis its needs; 
but such diagnosis apt produce unfairness parts each general group 
the activities which partake special requirements some sort. 

may said that divide these general groups into such fine parts 
would tend involve city planning too much detail, but the final develop- 
ment detail the foundation the building the imagined whole. 
what use would beautifully designed machine the bolts and screws that 
were meant hold together were loose some them had been omitted; 
simply would not work. 

The demands city planning are great that doubtful ever one 
man lived who could imagine the problems every phase the plan. Discus- 
sion with other people and the use other people’s imagination necessary 
the city planner, give his imagination the correct perspective the 
varied occupations and needs occupational and social activities. These 
occupational and social matters divide into many separate problems which 
influence the city plan uncertain way. 

The problems the city plan demand active imagination from specialists 
many lines; for instance, the civil engineer must imagine and plan for 
streets, water supply and distribution, sewerage and sewage disposal, water- 
frontage development, transit and transportation, and bridges with all their 
details; the architect must imagine fagades streets, public buildings and 
their grouping, and the many architectural embellishments the city; the 
engineer must imagine the parks and playgrounds, the great boule- 
vards, the gardens, the street tree arrangement, the vistas the city, and 
many other details; the industrial engineer must imagine and plan for the 
expansion industry and the most efficient application land best adapted 
industrial uses; the zoning engineer must imagine and plan for the uses 
land and buildings; and almost indefinitely. All these imaginings 
and plans must co-related and drawn into the city plan, product the 
imagination are all things made 
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STUDIES AND OPERATING RESULTS 
THE MIAMI FLOOD CONTROL SYSTEM 


Discussion* 


the statement§ that: 


“The discharge coefficient, slightly lower for the Germantown than 
for the Englewood conduits (Table 1). This fact difficult explain, 
the interiors the conduits the two dams appear equally smooth.” 
Since this coefficient depends both the length and the hydraulic radius 
the two conduits, accidental that they are nearly alike. 

The carefully made measurements afford opportunity check the for- 
mula for friction head, for water flowing with high velocity large conduit. 
the assumption, made the author, that the entrance loss negligible, 


the total head consumed, partly velocity head and partly friction, or, 

which, 


actual velocity, feet per second; 


friction head, feet. 

The theoretical velocity head 


the assumption that constant 


the entire section. The friction head is, 


iscussion the paper Am. Soc. E., continued from August, 


Proceedings. 

Engr. (La Rue Jakobsen), Los Angeles, 

the Secretary, June 1928. 
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and are constants. For new cast-iron pipe, Unwin gives,* 0.0215; 
1.168; and 1.95. Assuming, however, that (since that checks 
closely with the results found) and combining Equations (1) and (2): 
the 
— (ry? COE 6-666 (4) single 
that, wood 
measu 
h = qd + k) eres (5) as the 
or, 
which, the author’s constant Table From Equations (5) and (6) 
follows that, 
and, 
Equation (6) written, Both 


and assumed that every value thus determined from corresponding loss, 
measurements and equally probable, then the principle least 
squares demands, that, duit, 


which, c,, the most probable value the constant, the number 
tests, then, 

correct derive c,, from Equation (5). This requires more work and the abc 
value thus found differs only about 0.1% from the arithmetic mean used 
the author. The probable error given by, 
and the probable error one measurement is, 
be abl 
The values and for the two conduits are given Table From 


are obtained for the Germantown conduit, 0.79708; 0.0027; and 
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0.5740, whereas for the Englewood conduit, the values are 0.8048; 


For the Germantown conduit the probable error the mean 


0.797 
and the average velocity measured about ft. (since, presumably, 
the high velocities the conduits were not actually measured), the error 
the average 0.0034 0.0238 ft. per sec. and the probable error 


single measurement times that, 0.0825 ft. per sec. For the Engle- 
wood conduit about the same results are obtained. This indicates that the 


measurements were carefully made and that the friction head varies nearly 
the square the velocity. 


The constant, can now determined from Equation (4). 


That gives 
for the Germantown conduit, 
14.24 
0.5740 546 0.01497 
and, for the Englewood conduit, 
16.14 


0.5458 712 0.0122 


Both values are much smaller than the value given Unwin for 
pipe, and the value for the Germantown conduit about 20% greater than 
that for the Englewood conduit. this accounted for entrance 
loss, the author suggests,* assuming that there such loss connection 


with the Englewood conduit and that 0.01222 for the Germantown con- 
duit, then, 


Taking average test, as, for example, 18.55 and 27.2, then, 
absorbed entrance loss, the entrance loss the Germantown conduit 


31.0% the friction head, the entrance head gives loss equal 


about 169 ft. conduit. 

The two conduits are built alike; the area the Germantown conduit 
sq. ft. and that the Englewood 108.5 sq. ft. seems un- 
likely that the constant, should vary 20% when determined from measure- 
ments conduits that are nearly similar. The entrance head 14.5% 
seems also excessive, especially view the author’s opinion that the entrance 


loss both conduits should very small. The writer hopes the author will 


able throw some light this matter. may possibly have tests from 
other reservoirs that may assistance. 

far the writer knows, there little information available concerning 
friction losses large conduits for high velocities, and seems, therefore, 
highly desirable that the meager data shall agree closely possible. 


Proceedings, Am. Soc. E., May, 1928, Papers and Discussions, 1375. 
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MEMOIRS DECEASED MEMBERS 


GEORGE HAMPTON BREMNER, Am. Soc. E.* 


Diep 1927. 


George Hampton Bremner was born Marshalltown, Iowa, December 
16, 1861. His father, William Bremner, came America from Eastern Scot- 
land early childhood with his parents who settled New England. After 
preparing for both law and engineering, William Bremner was actively engaged 
for number years railway construction, chiefly Connecticut. Join- 
ing the westward movement, migrated the State Iowa and there was 
married Catherine Hampton, Iowa City, who was English stock and 
direct descendant Governor Chittenden Vermont. 1856, they settled 
Marshalltown, Iowa, where they reared their family. William Bremner 
served the State Legislature the early Sixties and practiced his two pro- 
fessions for many years, serving City Engineer and County Surveyor 
Marshalltown until the end his active professional life. 

boy, George Hampton Bremner became familiar with the technique 
instruments and practical methods construction helping his father. 
Railroads presented attraction for him, however, and spent his vaca- 
tions, while attending the University Iowa Iowa City, Iowa, Rodman 
with Middle Western railway companies. After his graduation from the Uni- 
versity 1883, worked with his father for two years, and then entered the 
employ the Chicago, Burlington and Quincy Railroad Company 1885, 
Division Engineer Red Oak, Iowa. 

From 1889 1890 Mr. Bremner was charge locating party the 
St. Louis, Keokuk and Northwestern Railroad subsidiary the Bur- 
locating line between Old Monroe and St. Louis, Mo., which 
section includes the crossing the Missouri River near Bellefontaine, Mo. 
the conclusion this work returned the Chicago, Burlington and 
Railroad Company, and was placed charge the maintenance 
lines Northern Illinois with headquarters Chicago. 1898 the Bur- 
lington undertook its first track elevation (grade separation) Chicago and 
Mr. Bremner was placed charge. this work made enviable record, 
taking special pride the speed, economy, and quality this pioneer con- 
struction work, while handling with minimum interference with train 
operation. 1904, was transferred the Operating Department Engi- 
neer, Maintenance Way, the Illinois Lines. returned the Engineer- 
ing Department 1908 District Engineer charge engineering work 
the lines Illinois, Wisconsin, and Minnesota. 


prepared Joint Committee the Society and the Western Society 
Engineers, consisting Elmer Howson, Chairman, Edwin Wendt, and Pence, 
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When the Bureau Valuation was organized under the Interstate Com- 
merce Commission Mr. Bremner was appointed Assistant District 
Engineer the Central District, with headquarters Chicago. 1915, 
was promoted District Engineer for this territory, and placed charge 
the administrative detail field and office work, connection with the prepa- 
ration inventories and reports all the steam railway properties within 
this District. the course his service with the Interstate Commerce 
Commission, was also called upon make number special reports 
railway properties for the Commission under resolutions Congress. 
terminated this service December, 1921, when the District Offices were 
closed and the forces concentrated Washington, After engaging for 
short time consulting practice, returned the Chicago, Burlington 
and Quincy Railroad Company, with which remained until his death. 

Mr. Bremner always took keen interest the work Engineering 
Societies. joined the Western Society Engineers October 1887, 
and participated the organization the American Railway Engineering 
Association 1897-99. was member the Special Joint Committee 
the Society and the American Railway Engineering Association Stresses 
Railway Track, from its organization, 1913, until his death. 1906, 
the Western Society Engineers awarded him the Octave Chanute Medal 
for the preparation and presentation paper special merit the subject 
“Areas Waterways for Culverts and Mr. Bremner took 
particularly active part the work the American Railway Engineering 
Association, serving various times member the Roadway and Track 
Committees, well Chairman the Roadway Committee for three years. 
was elected Treasurer the Association 1911, which capacity 
served until his death. 

Gifted with strong personal initiative, Mr. Bremner was nevertheless 
good soldier carrying out the wishes superior authority, when the 
decision and plan action were made. was his habit when approaching 
new problems form his judgment carefully, times even slowly; with 
this quality standing firmly for his beliefs, did not hesitate recast 
his views the light new facts, which was ever search his 
own account. his many strong personal qualities none better remem- 
bered than his sturdy sense business integrity, steadfast loyalty his 

friends, and, above all, his fine devotion his family circle. 

boy, Mr. Bremner united with the Presbyterian Church, which 
organization received his unfailing loyalty throughout his life. 

was married September 1898, Marshalltown, Iowa, Louie 
Stephenson, who with two sons, Charles and George H., and 
daughter, Mrs. Clarence Schaeffer, Chicago, survives him; also sur- 
vived sister, Mrs, Byington, Iowa City, Iowa, and brother, 
William Bremner, Minneapolis, Minn. 

Mr. Bremner was elected Member the American Society Civil Engi- 

neers December 1899. 
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ALVAH SEYMOUR GOING, E.* 


Marcu 21, 1927. 


Alvah Seymour Going was born Portland, Ore., April 1860, the 
son James Wallace and Isabella (Eads) Going. His father’s family settled 
Shirley, Mass., early the Eighteenth Century, the family name then 
being Gowing. Mr. Going was educated the public schools his native 
city and for time attended the Oregon State College. 

1881 began his railroad career Levelman location for the Oregon 
Railway and Navigation Company. From 1882 until 1883 was employed 
Transitman construction the Clark’s Fork Division the Northern 
Railway, and from March October, 1883, was charge 
exploration and location surveys for the Astoria and Forest Grove Railroad. 

this time the West was rapidly developing; many railroad projects 
were under way and this character work fascinated Mr. Going. was 
engaged many these projects Oregon, Washington, Idaho, and 
British Columbia, Canada, from 1881 1890, when formed partnership 
with Mr. Miller and entered the general practice engineering Port 
Townsend, Wash. During his association with Mr. Miller served Engi- 
neer several small railroads then under construction and also for the Vic- 
toria, Port Crescent and Chehalis Railroad, line about 150 miles length. 

1891 Mr. Going moved Victoria, C., Canada, where engaged 
general engineering practice but specialized the exploration and location 
railroads. This practice included work many small mining railroads 
and for time was engaged collieries Vancouver Island. 

1903 Mr. Going was employed Reconaissance Engineer for the 
projected Grand Trunk Pacific Railway, explore various routes through 
the Rocky Mountains, advance location survey parties. these expe- 
ditions was obliged travel alone, except for Indian guides whom 
employed from time time. This exploration work was started late 1903, 
making necessary for him spend most severe winter alone hostile, 
uninhabited country. started this expedition with two horses, but was 
obliged abandon them and complete the work foot, arriving Fort 
George, C., Canada, after many hardships, but possession much inval- 
uable information regarding the passes through the Continental Divide. Few 
engineers could have endured the hardships this work. was this class 
occupation that found the greatest interest, was his best when 
confronted with the problem finding location for railroad through new 
territory. 

October, 1905, Mr. Going was engaged the Minneapolis and St. 
Louis Railroad Company South Dakota, where located and built 130 
miles line from Conde LeBeau the Missouri River. 

During 1907 became associated with the Grand Trunk Railway Com- 
pany Canada Locating Engineer, with headquarters Montreal, Que. 
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such, supervised all the location work under way that time, notably the 
85-mile extension the Central Vermont Railway Providence, When 
the Grand Trunk Railway and the Canadian Northern Railway were merged 
into the Canadian National Railways, Mr. Going was retained the Bureau 
Economics Terminal Engineer. held this position until his death. 

Mr. Going best remembered those who were fortunate enough 
associated with him for his unfailing energy helping younger engineers. 
was never too busy too tired lay aside the work hand aid and 
counsel others. possessed remarkable memory which was combined with 
almost uncanny ability know exactly where look for the engineering 
information that might wanted. was omnivorous reader. tech- 
nical publication escaped him and from these made innumerable notes 
and references for future use. disposition, was the personification 
modesty, and ever tolerant the defects the characters others. 

Mr. Going was member the Masonic fraternity. was also member 
the American Railway Engineering Association and served its Com- 
mittee the Economics Location for many years, having devoted great 
deal study this work. 

While the South, December, 1927, Mr. Going was taken seriously ill. 
returned Montreal, where after lingering illness died the Royal 
Victoria Hospital March 21, 1927. survived his widow, Harriett 
Jackson Going, and one daughter, Mrs. Chase Going Woodhouse, Wash- 
ington, 

Mr. Going was elected Associate Member the American Society 
Civil Engineers May 1892, and Member June 1899. 


JAMES ORMEROD HEYWORTH, Am. Soc. E.* 


Marcu 15, 1928. 


James Ormerod Heyworth was born Chicago, June 12, 1866, the 
son James and Julia (Dimon) Heyworth. was educated the 
public schools Chicago and was graduated from Yale University, New 
Haven, Conn., 1888. 

Mr. Heyworth was both Engineer and Contractor, great amount 
the work carried out him Contractor having been designed under his 
personal direction well. became interested concrete construction 
early has career and was the Contractor some the earlier undertakings 
which reinforced concrete was used the United States. Among other 
work, designed and built the first concrete building Chicago, 1904. 

was always interested efficient construction and accordingly under- 
went rigorous training the field, spending considerable time on. the 
work, order keep personal contact with it. was member 
the firm Christie, Lowe, and Heyworth from 1897 1903, after which 


Memoir prepared the following Committee the Illinois Section: 
Chairman, Hammond, and Strehlow, Members, Am. Soc. 
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operated under his own name. During the last few years his activities 
were carried under the name James Heyworth, Inc. 
Mr. Heyworth was particularly interested difficult and hazardous engi- 


the essential factors. Heavy excavation and difficult foundation and con- 
work, railroad track elevation, bridges, plants, locks, dams, 
piers, wharves, docks, canals, tunnels, and caissons, both the United States 
and Canada, constituted the bulk his work. 

the course his career, Mr. Heyworth was called upon restore and 
rebuild eight dams which had failed. every case the work was carried out 
safely and successfully under his direction. 

His desire engaged difficult enterprises was displayed the past 
few years the building the concrete arch bridge over the Mississippi 
River between St. Paul and Minneapolis, Minn. North Carolina, 
achieved record, not only for speed concrete road mileage built during 
one season, but also for the uniform excellence the work. 

Heyworth had many inventions his credit, among others being that 
the modern dragline excavator, which was developed him. 

was great believer team work and during his years activity 
assisted loyal organization working under his direction. was 
indefatigable worker, personally laying out details plant and equipment 
his contract work and always eager apply new methods merit its 
prosecution. was one the first use central flexible electric power 
plant large construction work and was great believer the use Diesel 
for this purpose. 

Mr. Heyworth’s activities, however, extended beyond engineering and 
lines. was deeply interested civic and philanthropic 
full human sympathy, enthusiastic yachtsman and fisherman, 
lover the great outdoors. Some years ago was President the 
local Branch the Izaac Walton League America and also Commodore 
the Chicago Yacht Club. 

was instrumental securing the present quarters the Chicago 
Engineers Club. When the opportunity offered itself, took option 
the property his own name, without consulting the members the Board, 
ind called meeting the prominent members the Club. the time 
the Club membership voted secure quarters its own, the value this 
had risen very considerably. Mr. Heyworth then turned his option 
the Club and, result the increased value the property, there 
difficulty floating bond issue. During these trying times, Mr. 
Heyworth was induced take the Presidency, which held for three con- 
years great personal sacrifice himself. him, more than 
other man, credit should given for enabling the Engineers Club 
its own quarters. 


Mr. Heyworth was always enthusiastic regard every enterprise with 


from the day his graduation that his death and always 
mover” anything pertaining her interests. was member 


neering undertakings, those which speed construction was one 


was connected. was intensely loyal his Alma Mater, Yale 
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the Executive Committee the Yale Advisory Board; Chairman the 
North Central Division the Yale Endowment Fund; and member the 
Yale Clubs Chicago and New York, well other college organizations 
and clubs. 

1917, heeded the call assist war activities and accepted the 
position Manager the Division Wood Ship Construction the 
Emergency Fleet Corporation, United States Shipping Board, which held 
until after the end the World War. During this period turned his own 
contracting business over his subordinates and devoted himself entirely 
the work his Department the Shipping Board, which, under his 
tion, showed great record for efficiency. For some time, before the end 
the war, fifty ships completely equipped, ready for service, were being turned 
out each month. 

1902, Mr. Heyworth was married Martica Gookin Waterman. They 
had two children, Francis Dimon and James O., Jr. 

was the prime his powers the time his death. was taken 
ill August, 1927, and was ordered his doctors Arizona with the hope 
that the dry climate would restore him health. For time made progress 
toward recovery, but later complications set and grew steadily worse. 
asked taken home Chicago where passed away few hours after 
his arrival. 

His death deeply mourned, not only his family and friends, but 
host younger engineers and contractors who came him for advice and 
help their troubles and whom gave unstinting measure his 
broad training and ripe experience. 

Mr. Heyworth was elected Member the American Society Civil 
Engineers May 1914. 


RUDOLF VIEDT ROSE, Am. E.* 


January 25, 1928. 


Rudolf Viedt Rose, the only son Adolf and Helene (Viedt) Rose, was 
born Niagara Falls, Y., April 27, 1876. was fine old German 
stock, both his parents having come from Germany. His father left his 
native town Hameln, the Province Hanover, come America, 
and settled Niagara Falls where became honored and successful 
business man. 

Mr. Rose was educated the public schools Niagara Falls and the 
Central High School, Buffalo, engineering education was 
obtained Stevens Institute Technology, Hoboken, J., from which 
was graduated 1897 with the degree Mechanical Engineer. 

Immediately after graduation, Mr. Rose began his active work Drafts- 
man with manufacturing company Buffalo, but shortly thereafter 
September 15, 1897, returned Niagara Falls enter the Engineering 
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the the Niagara Falls Power Company. remained with this Com- 
the pany for twenty-three years (until and following its consolidation with the 
Hydraulic Power Company June 1920), filling many positions from 
Draftsman Construction Engineer connection with the construction and 
the operation the now famous power development the Niagara 
the River. During his earlier employment with the Power Company, spent 
eld six months’ leave Germany, working with Allgemeine Gesell- 
ely 1920, Mr. Rose entered commercial life President and Manager 
the Consolidated Fuel and Supply Corporation, which conducted for 
years, dealing coal, contractors’ supplies, and building materials. 
ned His company was then merged with the Empire Builders’ Supply Company 
Niagara Falls, and held the position Engineer and Superintendent 
hey this larger industry until his death. 

was intensely interested his professional work and always active 
ken and energetic. His was pleasing personality and endeared himself 
1907, Mr. Rose was married Joyce Grant, Toronto, Ont., Canada, 
who, with their three children, Carl Grant, Rudolf William, and Joyce Helene, 
survives him. 

was member the Niagara Club, the Niagara Falls Country Club, 
and the Honorary Society Tau Beta Pi. was Vestryman St. 
and Peter’s Protestant Episcopal Church. 
his Mr. Rose was elected Associate Member the American Society 
Civil Engineers April 1905, and Member February 28, 1911. 

PAUL BERTRAM TALLMAN, Am. Soe. 
29, 1926. 

Paul Bertram Tallman was born East Orange, J., January 24, 
was 1884. was the son the late Stephen Sands Tallman and Martha 
Broadmeadow Tallman. His great-grandfather, Simeon Broadmeadow, came 
his the United States from England 1825 and Special Act Congress 
rica, was made citizen. was one the early promoters the manufacture 
steel and gas this country, besides being inventor National fame. 

Mr. Tallman’s early life was spent East Orange, where fitted himself 
the for college. account ill-health, was forced abandon his course, 
but from this time forward, became student and completed his education 
hic 


engineer even more thoroughly than college curricula require. His 
daily work engineering was followed with careful study the related 
during his hours leisure. His greatest recreation was the 
and successful study and solution these problems and the systematic 
his findings. 
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His practical engineering experience began during the summer 1902, 
with the Clearfield Bituminous Coal Company Rossiter, Pa. January, 
1903, entered the service the New York Central and Hudson River 
Railroad Company, the Terminal Engineer’s Office, where served, suc- 
cessively, Chainman, Rodman, Instrumentman, and Draftsman work 
connection with the Grand Central Terminal improvements. 1906, 
resigned his position with the Railroad Company and accepted that Engi- 
neer and General Superintendent with Bunn and Nase, General Contractors, 

From 1909, until his death, Mr. Tallman was the employ the firm 
Warren and Wetmore, Architects, New York City. While this 
position, his work was most varied character and comprised largely the 
design and installation mechanical equipment and plants, and the super- 
vision the construction numerous buildings, principal among which were 
the Union Station, Houston, Tex.; the Broadmoor Hotel, Colorado Springs, 
Colo.; the Ritz-Carlton Hotel, Atlantic City, J.; and the Plaza Addition, 
the Heckscher Building, Aeolian Hall, and the Goelet Building, New York 
City. 

1923, when new department was organized the firm for conducting 
architectural and engineering supervision for loaning institutions, Mr. Tall- 
man was selected its head. again, his records and studies were 
great assistance organizing and conducting the work. Notable among 
the buildings under supervision this Department, were the Cooper Depart- 
ment Store Building, Los Angeles, Calif.; the Michigan Theatre and Office 
Building, Detroit, Mich.; the Penn Athletic Club, Philadelphia, Pa.; and 200 
Madison Avenue, and the new Paramount Theatre and Office Building, New 
York City. 

The high esteem which Mr. Tallman was held his fellow members 
the Building Committee for the new Paramount Theatre and Office Building, 
shown the following resolutions: 


“Whereas, the 29th day July, 1926, there departed this life Rock- 
ville Center, Long Island, 


one the Members the Building Committee The Paramount Building, 


New York City. meeting the said Committee duly held the 2nd day 
September, 1926, was 

“Resolved, that out respect the memory the deceased, suitable 
action should taken mark the high regard which was held all 
times gentleman and engineer ability and wise counsel; and 

“Resolved, that deeply deplore his death and extend his widow and 
son our deepest sympathy the hour their great grief; and 

“Resolved, that copy these resolutions forwarded his family.” 


October 21, 1909, Mr. Tallman was married Edna Davey, East 
Orange, who, with son, Stephen, survives him. 

Mr. Tallman was highly sociable nature and enjoyed the company 
his many friends. was untiring worker and never 
when his time and energies were needed his friends business associates. 
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instinctively honest and fair. His oldest friends were his best friends. 
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business dealings never took advantage another’s mistakes. was 


took active interest civie and religious affairs. was life-long 
member the Presbyterian Church—the last four years devoted member 
the Rockville Centre Presbyterian Church. was President the Board 
Trustees and also very active the Men’s Club and the Sunday School. 

1922, was elected Fellow Perpetuity the Metropolitan Mu- 
Art, New York City. was also member the American 
Railway Association. 

Mr. Tallman was elected Junior the American Society Civil 
Engineers October 1905, Associate Member September 10, 1910, 
and Member May 28, 1923. 


GUY BANKER EDWARDS, Assoc. Am. Soc. E.* 
1927. 


Guy Banker Edwards, the son Dr. John Edwards and Myra (Banker) 
Edwards, was born Gloversville, Y., April 1875. His boyhood years 


schools. then attended the Clinton Liberal Institute Fort Plain, 
After his graduation from this preparatory school, attended Philips Acad- 
Andover, Mass., and, later, continued his studies Civil Engineering 
Union College, Schenectady, Y., from which institution was grad- 
uated 1895. 

From 1895 1906 Mr. Edwards held the position Inspector Public 
Works Assistant Engineer Gloversville. From 1906 the spring 
1909, was employed Construction Engineer and Superintendent with 
Townsend and Fleming, Landscape Architects, Buffalo, During this 
time was charge important and extensive landscape construction pro- 
grams number large private estates. 

1909 entered the employ Mr. Warren Manning, Landscape 
Architect, Boston, Mass. During his association with Mr. Manning 
was charge large private estate construction work. October that 
year and during 1910, was employed the operation stone quarry and 
stone sawing plant. 

From April December, 1911, Mr. Edwards was Resident Engineer the 
lowa Engineering Company Clinton, Iowa, which position was 
concrete paving and sewer system and disposal plant con- 
struction. later accepted most important position with Barbour, 
Columbus, Ohio, Resident Engineer charge extensive water supply 
developments, including large distributing reservoir for the City Akron, 


Ohio. 


Memoir prepared Albert Taylor, Landscape Archt., Cleveland, Ohio. 
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From July, 1915, June, 1916, Mr. Edwards was Supervising Engineer 


sewage and garbage disposal plant construction Akron, for the late 


Winthrop Pratt, Am. Soc. E., Construction Engineer, Cleveland, 
Ohio. Immediately following this engagement accepted position Resi- 
dent Engineer for the Cleveland and Youngstown Railroad Company 
charge important construction work, and from September, 1921, Sep- 
tember, 1923, was employed Mr. Taylor, Cleveland, charge 
general construction work and Resident Engineer several housing 
developments the Range Northern Michigan. 

From September 1923, the time his death, Mr. Edwards was the 

the Oglebay-Norton Company Engineer, The work 
for which was responsible during the last two three years was follows: 
Insurance, safety, welfare and housing problems for iron ore mines under the 
Oglebay Norton and Company management; Montreal, Ottawa, Eureka- 

Berkshire, Bristol, and Feigh mines. 

During his work Civil Engineer, Mr. Edwards exhibited sterling 
qualities mature manhood and profound knowledge his field activity. 
one the Engineering Profession who came contact with him had 
other than the highest respect for his engineering ability, his seriousness 
purpose, his principles honesty, and the consistent application his 
physical and mental energy the completion the tasks for which was 
made responsible. 

Mr. Edwards was elected Associate Member the American Society 
Civil Engineers March 13, 1917. 


VIRGIL SAMMS ONSTOTT, Assoc. Am. E.* 


Diep 11, 1927. 


Virgil Samms Onstott, the son Dr. Elmer Onstott and Emma 
Onstott, was born September 22, 1897, Saltsburg, Pa. was graduated 
from Saltsburg High School June, 1915, and the fall that year 
entered Kiskiminetas Springs School from which was graduated with high 
honors 1917, winning medal for proficiency mathematics well 
scholarship conferred the Cornell Alumni Association Western Penn- 
sylvania. 

September, 1917, Mr. Onstott entered Cornell University Ithaca, 
enlisted the Students’ Army Training Corps, October 
1918, and was assigned Company the Reserve Officers Training Corps, 
from which received his discharge the following year. 1921, was 
graduated from Cornell University with honors and degree Civil Engi- 
neering. 

Subsequent his graduation was employed the Pennsylvania 
partment Highways first Inspector and, later, Senior Inspector 
charge various kinds pavement construction work. 1924 was 
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engaged Assistant Resident Engineer charge State Highway con- 
struction Beaver County, Pennsylvania, with headquarters Pittsburgh 
and Rochester, Pa., which position held until his death. 

Mr. Onstott was member the Presbyterian Church Saltsburg with 


which was affiliated from his early youth. December 26, 1923, was 
commissioned Second Lieutenant the United States Engineer Officers 
Reserve Corps. 
survived his widow, Margaret Anne Onstott, and one son aged 
months, also his parents and one brother, Howard Onstott, Cleveland, 
the Ohio, and one sister, Mrs. Waite, Toronto, Ont., Canada. 
ork Mr. Onstott not only had all the qualifications good engineer, but 
character which presaged his success. His loyalty and his steady purpose 
the co-operating any undertaking which was assigned him, commanded the 
respect and admiration his associates. His calm judgment and unpre- 
tentious manner were noticeable everything undertook willingly. 
was, therefore, only natural for him analyze his problems thoroughly—a 
characteristic essential good engineer. His passing distinct loss 
had the profession. 
Onstott was elected Associate Member the American Society 
Civil Engineers March 14, 1927. 
was 
Diep 27, 1927. 
John Gansovertte Rose was born April 11, 1878, Hutchinson, Kans. 
was graduated from the Hutchinson High School, and, later, from Nicker- 
son College, where completed post-graduate course 1903, and subse- 
taught for three years. After holding various engineering positions 
1907, entered the University Colorado Denver, from which 
the degree Bachelor Science Civil Engineering 1911. 
During his vacation periods 1909 and 1910, Mr. Rose assisted both 
and office for the firm Field, Fellows, and Hinderlider, Denver, 
Engineers for the Orchard Construction Company. This project includes 
aca, 12000 acres land near Grand Junction, Colo. The irrigation system 
embraces movable diversion dam 380 ft. long, extending across the Grand 
miles power canal, about miles which were bench and trestle 
was hydraulic power plant consisting four units Leffel turbines, 
ngi- directly connected with centrifugal pumps, two which operated lift 


ft. and the other two, lift 125 ft.; miles distributing canals; 
1800 ft. tunnel; and various other structures, such inverted 
siphons, concrete culverts, highway bridges, waste-gates, etc. The estimated 
cost this varied construction work was 250 000. 
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June and July, 1911, Mr. Rose served Engineer for the Badita Reser- 
voir Company for which made stream measurements and hydraulic investi- 
gations. also submitted reports reservoir site Southern Colorado. Line 

From September, 1911, May, 1912, was employed the Goldsborough betw 
Company, Engineers for the Laramie Water Company Laramie, Wyo., abou 
150 project. During this period acted Instrumentman the line 
preliminary and final location canals having capacities 1000 sec-ft. and 
less. June, 1912, became Assistant Engineer charge the con- 
struction canals for the Goldsborough Company. One these, 350 sec-ft. 
canal, miles long, was located rough mountainous country covered 
with dense growth pine timber, the final estimated cost construction 
which was $168 000. Rose 

November, when work the canal had abandoned account 
the weather, Mr. Rose entered the employ the Kansas City Structural Steel maki 
Company, Kansas City, Mo. During the remainder this year, and until 
May, 1913, acted Structural Detailer smelter and railroad buildings, 
including stairways and hip-and-valley work. 

From June, 1913, October, 1915, served Engineer and Draftsman 
with the Consolidation Coal Company Jenkins, Ky., making title maps 
100 000 acres coal lands the Cumberland Mountains. also supervised 
the compilation complete index system all notebooks (approximately 
maps, and records these lands, which had been collected throughout 
period forty years. 

From November, 1915, March, 1916, Mr. Rose served Draftsman for 
the Kennicott Company Chicago, Ill. This Company was engaged 
manufacture water softeners, rapid filters, boilers, gas retorts, which 
involved considerable pipe-fitting work, straight and spiral stairways, and with 
varied similar construction, all which had assignments. 

March, 1916, became Draftsman for the American Bridge Company Black 
Gary, Ind. During his engagement with this firm, his work included the 
preparation shop drawings for highway bridges and for large blast 
furnace and rolling mill. 

September, 1916, was appointed Assistant Engineer with the 
son, Topeka, and Santa Railway Company, continuing until June, 
the location survey double-track line, miles long, between Carroll- 

ton and Moberly, Mo., join the surveys the Burlington Road for nev local 
joint railway between Kansas City and St. Louis, Mo. This location 
controlled definite list limitations, such (1) distance evaluated 
$200 000 per mile; (2) curvature evaluated $480 per degree; (3) rise and fall 
evaluated $700 per ft.; (4) maximum grade, eastbound track, 0.3%; 
(5) maximum grade, westbound track, 0.4 per cent. 

may inferred, this project involved some heavy construction work 
(single cuts amounting 500000 cu. yd.), such under-crossing 
Wabash Railroad Terminal Yards Moberly, and also included large sively 
voir for water supply. Messrs. Coffey, Location Engineer, and 
bury Howe, Chief Location Engineer, were charge this unusually 


plicated undertaking. 


M 
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During June and July, 1917, Mr. Rose located line, about miles long, 
the plains Western Kansas, between Satanta and the Colorado State 
Line. From August November, made close preliminary survey line 


between Kingfisher, Okla., and Shattuck the Texas border distance 
about miles). From November until the early spring 1918, located 
line (14 miles long) between Cassoday and Bazarr, Eastern Kansas, and 
line, with two alternate locations, around the Town Dorado, Kans., 
order relieve the traffic from the adjoining oil fields. Messrs. Beye 
acted Location Engineer and Steward, Chief Location Engineer, 
red the Kansas and Oklahoma surveys. 
This continued engagement with the Santa Railway Company gave Mr. 
Rose broad and valued range experience railroad location. His duties 
during the two years service covered all phases the work required 
making surveys, maps, profiles, estimates, and reports. 
From February June, 1918, was associated with the United States 
Reclamation Service the Rio Grande Project, Paso, Tex., respon- 
sible charge canals, farm laterals, and topographic surveys. also made 
estimates the cost reconstruction and co-ordination miles some 
Spanish canals the Paso Valley. 
During the summer served Assistant Engineer with the Idaho Irriga- 
tion Company Shoshone, Idaho, charge system distribution canals 
hout and the replacement and installation concrete head-gates, checks, drops, ete. 
During September and November, was engaged with Lyman Bishop, 
Am. Soe. E., Denver, Colo., Resident Engineer charge con- 
the struction canal structures for the Meadow Farms Company, Hardin, Colo. 
March, 1919, Mr. Rose was engaged Chief Road Survey Party 
with the United States Bureau Public Roads, District No. with head- 
quarters Denver, charge the Deadwood-Hotsprings Project the 
Black Hills Lawrence, Pennington, and Custer Counties, South Dakota. 
This project was about miles length. Location surveys were made over 
blast about miles, and construction was then progress approximately 
miles the road. His duties embraced the location and design the road 
and all its structures, well supervision construction, part which 
1918, being done under contract and part force account. 
addition this work, Mr. Rose was called consult and advise with 
local and county officials, well State and Forest Service officials, 
various road matters relative the Federal Aid Road this connection 
ted had opportunity inspect numerous types road construction and 
fall materials, advise matters administrative organization and methods 
and inspect and check plans for other projects. matter 
special interest was his privilege conceive and develop new method 
work diagram which also serves haul sheet and furnishes excellent 
the means balancing cut and fill quantities. This graph has been used exten- 
sively throughout District No. and has received much favorable comment. 
1921, Mr. Rose was appointed Assistant Highway Engineer and was 
sent Washington, C., receive special training Materials Engineer 
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Federal Aid Construction the States Wyoming, Colorado, and New 
Mexico. held this position until his death. 

Mr. Rose was married September 15, 1912, Denver, Marie 
Venemann who, with four children, Jennie May, Helen Marie, Charles R., 
and Richard W., survives him. also survived two sisters and two 
brothers. 

Mr. Rose was member Union Lodge No. and M., Denver. 
was also member the Colorado Section the Society, and his death 
was felt personal loss every member the Section and all who 
were any way brought into contact with him. 

man who was loved all who knew him, was identified his kindly 
ways genuine friend his many acquaintances and business associates. 
his home, was true husband and real father; the business world, 
was capable and efficient engineer. 

Mr. Rose was elected Associate Member the American Society 
Civil Engineers April 14, 1919. 


FRANK ANDREW TILLMAN, Assoc. Am. E.* 


Diep SEPTEMBER 1927. 


Frank Andrew Tillman, the son Peter and Ida Tillman, was born 
September 27, 1888, Waverly, His early education was obtained 
the Waverly Public Schools, after which attended the University Colo- 
rado Denver, Colo., for two terms from October, 1908, June, 1909, and 
from September, 1909, June, 1910, taking special night and part-day studies 
mathematics, plain surveying, municipal and irrigation engineering, con- 
struction, and design. 

During the summers 1908 and 1909, Mr. Tillman was engaged Chain- 
man, Rodman, and Topographer preliminary and location surveys for the 
Denver, Laramie, and Northwestern Railroad, and Rodman Construction. 

June, 1910, accepted position Transitman charge party 
land survey 000 acres, comprising section line, irrigation ditch, fence line, 
building location, and general development, near Laramie, Wyo. also spent 
some months coal mine surveys Medicine Bow, Wyo., and the general 
layout the Town Milliken, Colo. the fall 1911 acted Levelman, 
for the Goldsborough Engineering Company, Chicago, 
graphical survey 30000 acres Wyoming, later, becoming Draftsman and 
Computer for this Company Denver, Colo., irrigation structures, lateral 
and canal projects, etc. 

From January April, 1913, Mr. Tillman was employed Office 
for the Denver Realty Company sub-divisions and utilities. 
returned the Goldsborough Engineering Company Chief Construction 
irrigation structures, canals, and laterals, until September, 1913, when 
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was engaged Engineer for the Oil and Gas Company the design, 
location, and construction pump-houses, refineries, derricks, and pipe lines, 
Casper and Cody, Wyo. 

July, 1915, came East Binghamton, Y., where was employed 
from July, 1915, May, 1917, the City Instrumentman preliminary 
surveys and location for intercepting sewer and other municipal work. 
subsequently became Assistant City Engineer for the City Binghamton 
charge sewer construction and design. 


Service Perth Amboy, J., housing projects, topography, utilities, and 
street planning. The following year, however, returned Binghamton, 
where acted Secretary the Commissioner Public Works and Super- 
intendent Parks. 

1920, accepted position Assistant Engineer with Hoadley and 
Giles, civil engineering firm Binghamton, charge field parties and 
general engineering work. assisted the design the water supply 
and sewer systems Johnson City, Y., and designed the proposed water 
system for Endicott and West Endicott, also assisted the sur- 
veying and planning the various subdivisions, and served Office Engineer 
computations and design. 

April, 1921, Mr. Tillman was appointed Commissioner Works 
and Engineer Johnson City, charge the design, construction, and 
maintenance all public utilities. held this position until his sudden 
death September 1927, from intestinal pneumonia. 


1921, was married Lois Kilmer, Binghamton, who, with 
lo- daughter, survives him. 
Mr. Tillman was member the Baptist Church and prominent the 
Masonic Fraternity member Waverly Lodge, and M., the Scot- 
on- tish Rite Bodies, Cheyanne Wyo., and Kalurah Temple, Nobles the 
Mystic Shrine, Binghamton, was also member the Kiwanis 
the was most popular among his many friends and associates Engi- 
Profession, all whom liked him for his genial disposition and 
respected him for his ability and thoroughness engineer. public 
ine, 


incurred the good-will his associates and commanded the respect 
the publie. 


Mr. Tillman was elected Associate Member the American Society 
Civil Engineers May 28, 1923. 


September, 1918, Mr. Tillman entered the United States Government 
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